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Note on the Diagram of the Earthquake 
ol June 7, 1904. 



BY 

F. OMOEI, lilgakvshi, JRigdkvhakmJiif 
Momher of the Iiii|>erial Earthquake luvestigrntion Committee. 

With Plates I and IL 



1. The eaiUiqiUkke of June 7, 1904, wlioee time of ooomrenoe in 
Tokyo was 5h 1dm 29b p.m., bad a wide ana of dtstarbanoe, haTiog 
been felt nearly along the whole Pacific ooeat of Japiw, ihsA w to 

sav, from Kemiiro on the north-east to tlie Shikoku Island on the 
Bouth-west. Judging from iLe duration of the prpliminnry tro.mor at 
Tol^o and fram the isoseismal lines (Fl. T), tlie origin of the earth- 
qnalce was at a distance of about 460 km to the N B&* £ of Tokyo, 
namely, at lot, 2Sf N and hmg, 144!*^ K The oiduiaiy eeismogiapk 
obaerraticn at tiie Central Hetecnological Obserratovy was as follows : — 
ToUd duration, 5 minntea 

Maximum horitonial motion. Doable amplitude =1.6 mm ; complete 

period = 1.0 sec. 
Diredion of max. hor. motion, SWS-NEN, 
htiomty, " Weak." 
CkcmukT, Gentle. 

Bbkabk. The earthquake beg^ with gentle shakings and the 
pieliminaiy tremor lasted 56 sec. The abom mentioned maximum 
motion oocmTed 6 sec. after the commencement of the principal 

poi-tion. The vibrations were more or less active for about 1 m. 

2. Horizontal Pendulum Observn/ioii at tlte Seiamoloyical IndUule, 
PI. II shows tlie earlier portion ol the £W component diagram of the 
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earthquake obtained at the SeisinologiGal Institnte (Hongo, ToIk^o) bv 
means of a licnrizoiital pendnlimi, whose multiplication xfoa 15 and 

whose free period of oscillation wuh G2 sec. In the followlDg des- 
cription of tlie seisrac^ram, 2a denotes the range, or the double amp- 
litude, of a vibration. 

The iHcelimiiiary tmncnr, whose duration wns 58 sec, liegan with 
a Tibration, whose period was 6.2 sec,}* and whose two displaeements 
were as follows: — 

let motion 0.37 mm, toward W; 

2iid motitm 0.67 mm, toward E. 

Tlicn there followed 7 nearly equal vibrations, which together lasted 
45 sec. }ind had an average period of G.4 sec. ; the maximum 2a beiiig 
0.63 mm. These were superposed by quick Tibrations of macro-seismic 
diaraoter, wlioee masimom 2o was 0«43 mm. 

The principal portion hegsn with a displacement of 1.2 mm towaid 
W, followed bj a ooauter motion of 8.2 mm toward E. The next 
vibration, which occurred Im Os from tlie commencement of the earth- 
quake, was a ma\iiiin;ii motion and had the greatest 2a of 3.7 mm. 
The next 5 vibrations, whose average period was C.7 sec, gradually 
dimtniahed in amplitude; the max. 2a of the superposed quick vibra- 
tioos being 0.93 mm. At Im 47s alter the oommenoement of the 
earthquake^ there oeonrred another m&x!mnm» which had the absolutely 
greatest 2a of 4.2 mm, the period being 6.6 sec The 3rd and 4th 
maadmnm Tibrations, whose 2a*9 were 8.7 and 2.7 mm, ooenrred res* 
pectively 2m 5s and 2m 4Gs after the commencement of tlio earth- 
quake ; tlie pniod in tlie later p:nt of tlje principal portion being 6.4 sec. 

Tlie avemge periods deduced from two sucoeaaive series each of 
60 Tibratious, between 68 and 11m 6s after the oommenoement of the 
earthquake, were respectiTelj 6.4 and 6.8 sec. ; the period thos re- 
maining practically constant throughoat the earthquake. 

9. ^hat is here to be particularly noted is that the seifimcgrnm 



* Tlie term ** period " is alvrajs nscd m the sense of the " complete period." 
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dearly indicateB the of a dow Tibrfttion ftt fhe TOiy Iwgm- 

ning of tibe emrBbgnftke ; qniek naoTeraenls of maenHBekmio oatore 
fippearing a few seooads later on. SimiUur diaraoteristjc is to be aeen 

more or less distinct]}- in earthquakes, wluch are not quite local. 
TliLs fact may l;e taken as indicating thai the smallest and quick- 
period vibrations do not necessarily possess tlie highest velocity of 
psopBgation. On the contrary, the veiy fint vibration of the earths 
qnaka motion miut probably be of a natnze Bimilar to the paSBatoiy 
oseillatioii ; the latter being the predominatiog oomponent in the 
praUnuDaxy tremor of the distant eatthqnalce motioo. 

Tokyo. Jan., 1905. 



• 



PL 



Bartliaaake of Jun« 7, 1994 ; 9h 19m 29s i»in. 

X' 1* Boundary of area or slight intf^tf motion. 

If „ „ "alight** motion. 

n n „ „ "^eak" » 
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Horizontal Pendulum Diagram 

obtained during a Storm. 

BY 

Member of the fmperial Xlartliquake Inveiitlgatton Committee. 

With Plates m-vT 

1. PI. Ill is a half size reprodoeiioii of tlie diagram given by an 
EW oomponent Iioriamtal pendaliim during about 24| homs frran tbe 
lOtli, lOh 6m a.m., to the lltli, lOh 444m a.m., Oet. 1904. The 
inshimieii^ -wldek is set up in the brick " Earthquake-proof Hoofle " 
in tiie UniTersity Gompoond (Hongo, Tokyo), Las the foUowing speci- 
fications : — 

Length of the strut, or the liori^soutal distance between the pen- 
dulmn axis and the centi-e of the heavy bob =Z=75cm; 

Period of tbe pendulum when suBpended vertically =2o=1.74 
seo.; 

Period of the horianntal pendolom as aetaally set up = T= 33 sec. ; 
Multiplication ratio ot the recording pointer s=tt=20; 
1 mm displacement of the wiitiug index, or r, 

=iix»X8iiil"x 7^ =0."a386. 

2l weather en the l(nh and ' 11th at Tokyo. The 

barometric preioiuu* was 770 mm at 10 p.m., ou the 9tli, thence 
gradually dccreasiug to 758.2 mm at -1 p.m., ou tlio 10th. The pres- 
saxe, which reached the minimnm of 757.5 mm at 6 o'clock on the 

* With t«mj[)«i&lare» gxavity, and sea4eYel oomotions. 
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latler day, tenuuned low and lom tlian 758iiini till tbe midnight. 
Thereafter the proegaro begui to inoi^eaee, machmg the maadmiim 
vftlne of 776^ mm at the midnight of the tcAXovnng day. The wind 

VL-lfx-ity, which was on the inoniing of the lOtb betwe<in about 8 aud 
10 metres per seuoud, mcrtasfcd at 3 p.m. to 12.6 metres per sec. aud 
loached the maximnm valae of 14.8 metres per second, at 7 p.m. on 
ihe flame day. The vekiGity lemained greater than 13.7 metres per 
aec. tfll 10 p.m., thenoe gredually decraamng to 1*6 metree par sec. 
at 7 a.m. on the Mlowiog monuBg. The hourly tsIimb of the p ros 
smn and wind velocity daring Ootb lOth and lltb, were as fdkws. 



BABQBIETBIG PBE8SUBE AKD WHO) YELOOUT AT TOKYO. 

OOT. 10 AKD 11, 1904. 
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It will be obeerved that the f all of IJie barometrie pteaBure daring 
the 10th and 11th was 12.5 mm, wlrile the maximom wind velocity 

was 14.8 metres ^Xir aec, so that ilm storm on ihesG two clays was 
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aot one of exoeptional riolenoe. The precipitation on tlie 10th was, 
liowover, very great, nmonnting to 126.1 mm. On the 11th there 
was practically no precipitation. 

As gbo^-n in Pis. IV and V, the positions o£ the low preesnre 
oentra at 7 p.m. and at 11 p.m. on the 10th wen raqgiectiTely at 
diiBbiiicea of 260 km to the SE, and 360 km to the ESE, horn llbkyo; 
the oybkme having tfans traTelled, within the two ahore^menthmed 
hooxs, in' an north-easterly diieclian and to the east of tiie plaoe of 
observation. 

3, Tilting of the ground,— According to PI. Ill, the inclina- 
tion of the gronnd toward the eastt which began on tlie morning of the 
lOtb, greatly increaBed at 7 p.m. and reached the limit at aboat 
lOh 15m p^m. <m the sama day. Thenoe hegan the indmatiGn in 
the opposite sense, which oontinned till about 4h 40m a.m. on the 11th* 
The extreme amonnt of the inelinntion daring these 10 lionis amoont- 
cd on the originnl diagram to mm, ^v]licl) corresponds to an angular 
motion of about 3"i. On tlio lltli, there was practically no tilting 
motion between 4h 40m a.m. and 7h 25m a.m. After tlie latter 
epoch, there began a slight inolinatioii toward the west, till at 10 
a.m., when the index of the tiltometer letnmed nearly to the same 
position as at the same homr on the preceding day. 

It win thus be seen that the marked inclination of the groond 
toward the east occurred during those hoars wlien the barometric pres- 
sure was low and the wind was strongest, the ground having regained 
its original position with the rise of the barometre. A fact to be 
noted in this connection is that the low pressure centre whidi cansed 
the eastward inctinatkm, posed to the east of Tokyo, ^ow it Height he 
supposed that the ground, when subject to a fall ol the pressure, will 
be elerated by a certain amount so as to adjust itself to equilibrium. 
If such be true, the inclination of the ground daring the passage of 
the cyclone under consideration uuglit to have l)een directed towaul 
the west, which w^as not the case. The t xpianatiou of this apparently 
anomalous phenomenon is probably tu be foand in the accumulation of 
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sea wafteis undBr the low praasnre centra to a degree greater than tbe 
amount d the dimitratioo of tbe atmospheric pvessare, thereby ereat* 
ing an increaae in the reealtant prossnro at the aea bottom. 

Tokyo. Jan., 1906. 
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Povltlon of the Low Preatture Centre ftt 7 p.in.» Oct. 10, 1904* 





PL V. 



Focltlon of tli« Iiow Preuure Centra at 11 ikm., Oot. 10> 1904. 
The arrow indicates the path of the centre^ 
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Horizontal Pendulum Observations of Earthquakes 
in Tokyo : Similarity of tke Seismic Motion 
Qriginfttfng at neighbourmg Centres. 

BT 

F. OMORI, Uigcikushi, Rigakuliakmhi, 
Meiiibcr of tho Imperial Kartliquokc Investigation Committee. 

With Plates VI— XXXIX, 



J. INTBODUCTTOy. 

1« As i» well ksowQ, the dnratton of the preliminary tremors of 
an earthquake at a giTon station depends on the dktanoe ol the 
latter from the origin o! disturbanea. Now an examination of nnmeions 
diflgiams obtained in Tol^o shows furtlier tiiat the seismie distnr- 
banoes prooeecling from a giyen localify or neighbonring plooesara in 
many cjisos almost similar to one auotlii'i-, in such a way that iuclividunl 
vibrations can be ideuiihed iu the dill'eraut diagrams. 

2, The seismograms described in tlie followiog pages, which aro 
intended to be the first series of the kind, are some of the typical 
horiamtal penddnm records obtained ia Tokyo between 1898 and 1904. 
The difibrent earthquakes are ptorisionaUy divided into the following 
nine groups: — 

( i ) Local earthquakes, or thoao wliose orijyiu was iu tlie 
vicinity of Tokyo, say, at an epiccntrai distance o£ under 
100 km. 

( ii ) jblarthqaakw which originated in the provinoe of Edhtgo. 
(iii) Earthquakes which originated off the souihem coast of 
tiie peninsola of Izn. 
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( iv } Earthquakes which origmateii oft' tlie uorth-eostem coast 
of the .Main Laland, or off the aonth^easteni coast ol 
Hokkaida 

( T ) Kyvahju. and GaMnia (t^ Kjn) Earthquakes^ 
( Ti ) GanuD and New Guinea Earthquakes. 

(vii) Alasca Earthquakes. 

(viii) Central Americii iLrfirtlnjuakep. 

( ix ) Asia Minor and Balkan Earthquakes. 
The above classification is by no means exhansUve, my present 
object being simply to'giTSKsonie ol tlie more important examples. 

& The seismogiamB were obtained mostly from the three horiaon- 
tal I pendnlnms set np in the *' Earihquake-prool Honse** in the 
UmTersity Compound at Hongo. The specifications of the different 
pendulums, ' which I shall denote A, Ji and C iubtrumeuts, are as 
follows.* 

Instrument A: EW component. 

Period U free oscillation =28 sec. 
Mnltiplkatiaii of the pointers 10. 
Weifi^t of the heairy bob^Ukg. 
Length of the horisonta! stmts? lin. 

Vertical distance between the point of support and the point 
of suspension = 2.5m. 
Instrument B: NS component. 

Period of &ee oedilationsi? sec 

Mnltiplioatkm of the pouiter=8.2. 

(In otlier psxtioolsra B was ezaetly slmilor to A,) 
Jiufntmenl C: EW component. 

Perial of free oscillation = 120 sec. 

Multiplication of the poiDter:=10. 

Weight of the heavy bob = 7A kg. 

length of the borisontal stmt=lm. 

* lliese Uiree ioatrumeDts as well m tbo peadalnm D Doted be!onr are the same m 
thow nfomd to in tha AAKeofioiu, Ho. S. 
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Verticd distaiioe between the point ci Bopport and the point 
of suspension =2.6m. 
The period of izee oeeillation of the 0 instmment wss ohanged 
in July 1900 to 62 sec., wlole its heavy bob was replaced In Dee. 1901 

by auotlier whose weiglit vas 44 kg., the multiplication ratio of the 
pointer lx?ing at the samo time increased to 15, Tlio li instnimeut 
was substituted in Feb. 1902 by another similar iu (instruction to 
the improved form of the C instrument ; the period uf free oscillation 
being raised to 48.5 see. and the mcdtiplioatjon latio of the pointer 
toSO. 

In a few cases, the deseription xefen to the diagmms giTen by a 
boriaontal pendulum apparatus at Hitotsubashi, also in Tokyo, whose 
construction is as follows. 

Ittdrument D • EW component. 
Period of free oscillation =29.7 
Moltiplioation of the pointer =8.4. 
Weight of the heaTj bobse.4 kg. 
Length of the horiaootal stmtsTS cm. 
Vertical distance between the point of support and the point 
of suspension 75 cm. 
4. lu the ioUowing page^i, the times are given in the 1st Normal 
Japau Time, or that of Icyiig, 135° £. 

The mteiuUi/ of tlie ordinaiy, or nan-deatniotiTe, maeroseismio 
motkn is indicated in the asnal way as s^gdU, weak, or ttrong, A 
dight shock is one which ia Teiy feeble; a weak shook is oda whose 
motion is moderately severe bnt not so intense as to cause general 
ubiim , and finally a slrong shock is one which ia sufficiently sharp and 
causes some small damage such as stoppiug of pendulum clocks, 
overflowing of liquids, throwing down of articles from shelves, slight 
cracking of waUa, falling down of rocf tilra^ etc 

Tiie notaftibnB 2a and T denote the two elements of the earth- 
qnake motion, as follows: — 

2a =Bange of motion, or doable ampUtada of tbs vibration; 



T =.*>,oi^ie&i ;>ir[j <: ,r -./r rati a. 

la aiA^7 <sue* I i^'i'^ giveci iLa »T«ngB value ol X, cr tlie BDMft 
^layl f'r^Ki a L^ber of tanuUr occsecntiTe vibfatkns m 



//• Lf^CAL EARTHQUAKES. 

yi, VI girev tLe eailier portions of the £W awapaoent (A 
iuiinMtstktf dizgrmtui* of tLe following nx looal esitliqaBkes 



No. 1 

No. 2 
No. 3 
No. 4 



No. 5 



No. 0 



Lhxta. 



April 23, 1901. 

Jutic 1U02. 

Afiril 0, 1902. 



ti 



6, „ 



' Tiino of occurrence 
at HoDgo (Tokyo). 



motion in 
Tokya 



3 

7 



! 



m 



8 30 a.in. ■ Weak. 



42 42 a.m. 



2 88 58 p.in. 

U VJ 17 p.m. 

7 23 12 p.ni. 

2 13 ao a.m. 



The (xwitiuu ol Iho origin and the area of disiorbiince of eneh of 
Muiiio BIX oarthqunkoH, wlioae isosoisroal linos are shown in Pis. VII to 
XII, are given in the following table. 



• Owing to tUo vii Icnco of luution, tLo uhj (ss of {he liorizoBti! pcTnluIom 
wiiH tiiruwu iu OBch cuiie mure ur less lulu ilu uwu u»cilialions, which can, hovoter, 
vMily b« rooopilMd, Uie period betag about 90 sea 
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PoafUim of cartbq. origfB.* 



DimeusioUH) and directiuu of tlio 
kogor iud«. of 





1 


Loag. 
£. 


from 
Tokyo. 


Direc- 
tion from 
Tokyo. 


iHrong motion 
««. 


W«ak motion 
AMU. 


Slight motion 








km 


1 


Irm hm 


km km 


km km 


Kok 1 




139*44' 


13 


815E 


11SX255 
tN20°ii-S2U'\V) 


395X850 


440X930 


No. -2 




131)00' 


37 




ITUXIW 
1 (N26-£-S26*Wj 




520X521) 


Mo. 3 


35'59' 


139 55' 


53 




152 X so 


975X300 


580X&tjO 




35*43^ 




14 


K 


79X40 
(N15*W-S15'E) 


tSOXllB 


290X970 


Nol 5 


35*26' 


13!l*45' 


30 


8 


TiOXln 
(N-S) 


133X99 


955X265 


Ho. (» 


1 a5"di' 


133*49' 








I4nx'0 

{TX'UfB-QiffVf) 


■200X180 



The fint tluee earthquakes, wboee areas were actenaiTe^ irore 
tiw severest local aliodcs in recent yeara. Again the four earfhqiiakes, 
Kos. 1, % 6 and 6, onginated in the Tokyo Bay, while the two le- 

maiuing ones had inland origins. 

6. A j^ljuice lit PI. VI shows that all tliu seisiiioyniiiis iire very 
aimilRr to each otlier, the preliminary tremor being followed in each 
case by a sudden single prominent maximum vibration, whoso period 
varied, with a sin^ exception, between 2.1 and 3.5 sec. The am- 
plitudes and the periods ol these Tihrations were as follows. 



* The position of Uie origiD bos in each oase been inferred from tbe iaueeismnl 
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Earth, 
qiulce 
No- 




Tonl 

duration of 

the 1st ADil 

2r.<\ prelimi- 
ooij treaun 


Ist dftplaeeinent. 
(Motion tow»id £). 


Sod diBpUcement. 
(Motion toward Wj. 


Ratio of 3nH 
to 1st dinpi. 


HI |JAV 1 6 

period of 
Tibxatioo. j 




onoo. 


mm. 




sec. 


sec. 


1 


4.2 


G.9 


1.65 


3.5 


13 


2 


6.7 


7.0 


1.23 


3.5 


9 


3 


2.6 


3.0 


1.15 


2.1 


7 


4 


2.3 


2.9 


1.26 


3.1 


!) 


5 


1.5 


1.8 


1.20 


2.1 


8 


6 


0.86 


1.1 


1.29 


(Quick). 


8 








(meirn.) 












180 







Thus it will be aeen tliftt in tbAW local earthquakes^ tbe lat 
diaiJacemMit of tlie wifcximmn vibration was, ineqieotiTe of tbe Taiia- 
tion in the position of the epicentre diiected always towazd £. Hie 
initial movement was thus dixected, in so far as tbe EW com- 

^xjuent is concerned, toward the origin uf disturbance ; the counter, 
or tlie greatest, displacement being consequent!}- directed toward W, 
or away from the origin. The 1st diaplacement is to be regarded as 
a Mfijffe ampUtode, and tbe 2iid one as the doable amplitude. Tbe 
latter dieplaoemeDt was, however, not equal to twice of the farmer, 
the mean ratb of the two dkplaoements being only as 1*3 : 1. This 
fact seems to ehow that the elasticity of the gronud not perfect 
witli respect to tlio vibrations of liiis ualure. 

The durations ul the preliminary tremors of the six earthquakes 
varied between 7 and 13 sec. The discussion of tlic duration o£ the 
preltmlnaiy tiemor in relation to the epioentral djatance and the 
focal depth of a local earthquab* is veeerred for a fotnre oeoawon. 

7* The oidinaty seismqgtaph observations at the Cantml Met- 
eorolc^ical Observatory of some of the eaTtbquahes considered above 
were follows. 
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Fl|r* 7* Barthguako of April S8» lOOl ; Sb 8m SOs a.m. 

I I Boundary of area of <« slight** motion. 
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III III „ „ "strong" „ 
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Fig. 8. Enrthqnalce of Jiin« 23, 1002 ; 7h 42m 42s ».m. 
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PI. IZ. 

Fly. 9. Barthqpiake of Dec. 81, 1902 ; 9b SSm 58« ii.m. 

I I Boundary of area of ««||flht»» motion. 

H " » „ "weak" 

1" in »» M "sironfl" „ 




FL X. 

Flg^. 10. £artli4uak« of Aug. 4, ltM)4 ; 9b 49m 17s p.ni. 

I I Boundary of area of "slight*' motion. 

rt 11 „ "weak" 

HI III ,^ „ "atrona" 
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11. JBartbqoake of April ft. 1909$ Th 2am ISs p.m. 

I I .... Boundapy of area of '* alight*' motion. 

n 11 „ „ "weak** „ 

III III „ „ strong " „ 
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Eql-c No. 2. June 23, IdOSt, 
Doxatioxi. 3m 508. 
Max. bor. mot. 2te=:5.9mm; T8s0.68. 
Biraetion of max. hor. mot WSW— ENE. 

Eqks No. 3, Ike. Si, 1902. 
Damtkm. 3m 10a. 
Uax. hor. mot. 2a =3.8 mm; T=1.0b. 

Direction oi max. hor. mot. SE -N\V. 
Max. vert. mot. 2^-0.6 mm; T = 0.88. 

iiElCABK. The eartbqaake began witli small moTementB, the above 
mentioned masimimi vibration having oeonrted Oaec. after the 
oommeneement. The ahakiog was mcoe or lesa active during 
36 sec. 

Eqke No. 4. Aug. 4, 1904. 
I>antion. 4 m 15 s. 
Max. hor. mot 2a=s4.6mm; T=1.0b. 

Direction of max. hor. root. 8E— NW, 
Max. vert. mot. 2a = 0.5 mm; T=0.8s. 

Bemabk. The earihqmike l>egan with smnll movements, the above 
mentioned mazimnm hodamtal motion having aoddeuly oocnned 
8fl6aafler the oommenoament The maximum vertical motion 
oooorred 1 sec. later than the correeponding horizontal one. 
Botli oomponttitBof mcAi«m remained active for 20 sec 
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F. OMOm : HOBIZOSTAL i E.:SDULUM OBSERVATIONS 



iZr. EABJUQUAKES WHICH OBlGISATEI> IN 
THJS PnOVIKCM OF ECHIGO. 



8. Hs. Xni and XIV giye tespectiTBlj the NS and the EW 

components of tlie following two severe earthquakes: 



Eqln. 




Time of 
oconrroDce 
iQ Tokyo. 


Intonsity 
of motion 
in Tok^o 


Portion of Mttliqtinte otiglik. 


L«ntitni*o. 
(N) 


LoDgitnilo. 
(K) 


DiHtauce 
from 
Tokyo. 


l)ir« c- 
toinfrom 
Tokyo. 


No. 7 
No. 8 


Mny 2G, 1H'J8. 
May 8, 190i. 


3 (10 (M) a.m. 

4 23 48 ft.m. 


Wtak. 

m 


30* 5-2' 
36 S3 


138* 55' 
138 48 


km 
H7 

154 


N.JO'W. 



The eurthqiiake of May 26, 1898, originated in tiie pmyrinoe of 

Ecliigo, nenr the town of Muikamachi. In the meizoseismal area, the 
shock cuu-stxl lanch damapj© to buihiiiiprs, altliout^h none of tlie latter 
wns actimllv thrown down to tlio ground. The eai-thquako of Maj 
8, 1004, vLich was somewhat leas seTere, originated in approx- 
inuitely the eame district as the pieyions one. The iaoseismal maps 
of the two earthquakes are given in Fl. XT and Fl. XVI. 

I^'S COMPONENT DIAGRAMS. PL. XlJl. 

9. mke. No. 7. May 20, 1898, (Fig. 13) 
The vexy first displacement of 0.6 mm. was directed toward N. 
For the next 40.7 sec., there were 4 gradnaUy increasing vibrations, 
whose ararage T was 10.2 nee., and whose max. 2a was 8.8 mm ; 

these being superposed hy quick uiacro-scisuiic niovomonts wlioso mas. 
2a was 3.0 mm. For the iioxt 19.4 sec- , ilioio \Yei'e three and one- 
lialf well-defiuod vibrations, wlioso avorago 7' wan 5..^ spc; the 1st and 
the last vibrations were the laigest and had respectively the ^a's of 
ll.l and 11.9 mm, the least 2a being 9.4 mm. For the next 25.1 
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see., the motioa was smaller and tlieie predmntnAtecl two and one-half 
slow Tibrations of an average T of lO.O sec; the 2a of the middle 

vibration, which was the sninllcBt, beiiigj G.y mm. For tlio next 20.2 
sac., tlie motion became again quick unci consisted of four and one-half 
vibrations, whose avorago T was 4.5 sec. ; of these tho 2ud vibration 
had the max. 2a of 12.5 mm, the least 2a being 8.0 mm. For the 
nest 16.5 see., the motion was small and oonsisted of 4 quick vibra- 
tions of an average T of 3.9 see, whose max. 2a was 6.8 mm. For 
the next 23.2 sec, the motion oonsisted of 3 slow vibrations of an ave- 
rage 7* of 7,7 sec, whoso max. 2a wab 3.3 mm ; these being superposed 
by smaller movemouts of about half period. Foi- tlie next 22.6 sec, 
the motion (insisted of live and one-hall nearly equal quick vibrations 
whose averago T was 4.1 sec, and whose mas. 2a was 5.15 mm. So 
far the motion was most active. 

For the next 6m 46s, maximum movements took place oooasional- 
Ij; the 2nd vibration had the greatest 2a of 4,4 mm, while the 6 
vibrations, which were nearly equal and occurred at the end of this 
pha^ie, had a max. 2a of 1.85 mm. Dnrinoj tho first Im -Us, the 
average T was 4.0 sec, the movements l>oing otten superposed by 
others of doable period. During tlie remaining 4m 5s, the average 
T was 6.7 sec At epochs of minimum motion, there were also vibra- 
tions whose average T was 10.4 sec 

Thereafter the motion rapidly decreased, the vibrations of an 
average T of 6.8 sec. being mixed with those of an average T of 
4.4 hfc, nwl otliers still (|ui(:ker. 

From the above description, it will })o seen amonj^st others that 
the most active part, or the earlier 2m oOs of the principal portion* 
consisted of three maximum groups of quick movements, each preceded 
by a number of slower vibrations; the average T*a of the two series 
of Tibrations being as follows: — 



Ist max. group 
3rd „ „ 



5.5b 

4.5 ..... Mean, 4.1s — //•, ; 
4.1 
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F. OVORI : HOniZONTAL PENDULUH OBSBBTAXIONB 



Ist iniu. gi-oup 10.0s \ 

2ntl „ „ ....10.0 > dJean^ 0.3s=/>,. 

3rd „ .... 7.7 ) 

Thus we see thai |3^=2j9t, or the period of the slotnr vibiatioDB 
was double that of the quick oues. Tlie appioiinmte time interral 
betveen the 1st and Snd masimnm groapa wan 46 sec, and that be- 
tween the 2nd and 3rd ones SGsec. The three Inr^est ribnitions, 
marked /, g, and ; in tlio dia^aiu. occniiod n spoctively 61, 92 and 
ICSsec. after the commencement of the eartJiquake. 

10. ^ke J^o. 9* May 8, 1904. (Fig. 14.) 
The *' pieliminiuy tremor," whose dnratitm wan 20.4 Ree., began 
with ft small displacement of 0.11 mm toward S, followed by a connter 

motion of 0.7o uiui t<i\v:u(lN. Tlion there followed two nearly equal 
vibrations (max. 2a =1.54 mm) of which the first had a of 11.5 sec. 

The "principal portion" be^ui witli a displacement of 2.1 mm 
toward followed by a counter motion of 3.0 mm toward For 
the first 23 sec., the motion was comparativelj small (max. 2a 3.45 
mm) and had an average T of 2.2 sec. There were aleo some slow 
vibrations. 

Tlien there appeared, for the next 122 see , 18 well-defined slow 
vibrations, wboae average T was 0.8 sec., and whose first displacement 
ol 2.6 mm was directed toward N. These vibrations, which form the 
most active part ci the earthquake, were arranged in two groups, 
each of which gradnally lenehed tlieir maxironm ; the two greatest vi- 
brations of 8.8 and 7.15 mm Imviii;^; oocnnvd respeetively GG and 1U5 
sec. after the coiiHiiencttmeut of the earth<|uake. A 3rd max. 2a oj 
3.75 mm took placo 1 30 seo. after the same commencement. At epochs 
of minimnm motion, there were also some slow vibrations. 

For the next 2 m 45 s, the motion consisted essentiallj of vibra- 
tions (max. 2a=:1.4mm) of an average T of 6.8 sec., mixed with 
others (max. 20^2.45 mm) of an average 7* of 3.1 sec. 

loi tlio next .1111 28 s, tlie vilnations wore well defined and hud 
an average T of 7.1 sec, the ma.\. 2a being 1.0 mm. 
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Theteaftor, the motion canaistod of vibrotioDS of an averftge T of 
6.4 sec, mixed with those of an average T of 4.7 sec. 
" Eod portion." The average T was 7.4 sec. 

In tlie principal portion, after the most active phase, the maxi- 
mum f^roups occniicd id an averajTo iritciviil of Ira Ss. The maxi- 
mum vibratioUt uuukcd i, whose 'Ja was 2.4 mux, occnrrod 2 m 43 s 
after the commencement of the earthquake. 

EW COMPONENT DIAGEAMS. FL, XIV. 

11. l^qhe Xo, 7, May tiO^ 1898, (Fij?. 15.) 

The " preliniiiiai v Ircjiior," whose duiation was 17 8, began with 

a small displacoment of 0.2 mm toward W. This was followed by a 

Tibxation of Z'= 10.1 sec., whot^e two displacements were 0.7 and 1.6 
■ 

mm directed respectively toward E and toward W. The succeeding 
motion of 0.7 mm was directed toward E. Theee movements were 
saperposed by smftUer ones. 

The •* principal poi*tion " began with a sudden displacement of 9.76 
mm toward W, followed by a well defined vibration, whose two dis- 
placemenls were as follows: — 

let displacements 4.95 mm, toward £; 
2od „ «6.1 „ , „ W. 

For the 1st 57 sec. of the principal portion, the motion was <m 
the whole constant and consisted of vibrati<Mi8 with an average T of 
4.7 sec., whose max. 2a was 8.46 mm ; these being mixed with vibra- 
tions of au a \e in go 7' cif '2.25 sot'., whoso max. 2a was G.l imu. There 
were also somu slow vibrations, whoso average 7' was 11.8 sec. 

Then thei-o followed two large vibrations with an averago 2' of 
7.3 sec.; the 1st and 4th displacements being respectively 7.95 and 
9.6 mm. The next motion, which was greater than 20.0 mm, was 
directed toward £, and the recording pointer was thrown ont of the 
smoked ^mper. 

12. J^jke No. H. Jlfif/ 8, W04. (Fig. 16.) 

The "preliminary tremor'' began with a very slight motion to- 
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F. OMOW : ilOiaZUM AL TJiNDULUM OBaEIlVATIOKS 



ward E, followed by a coiiuter motion of 0.34 mm toward W. Tlmn 
tliero faUowed a slow vibration (2a 0.66 mm) whose T was 11.5 aec. 
Tlie next displaoemeut was small and directed toward E. The sap&t- 
posed macxo-setsmic Tibratious bod an average T of 0.79 sec., there 
being also movetnents whose avenge T was about 2.0 sec. 

The "priiicipal portiou," whose tutul duration was 9ra, be^an 
with a sudden displacement of 2.5 mm toward W, followed by a well 
defined vibration {T=2.d sec), whose two displacements were rcs|)ec- 
tively 6.2 mm toward £ and 6.8 mm toward W. for the nexfc 34.2 
sea« the motion was on the wliole constaui and oonsisted of 3 slow 
yibrations with an average T of 11.4 sec., ol which the 2nd one had 
the greatest 2a of 5.06 mm; these morements being superposed br 
vibrutiouB with an average 7' of 2.45 sec, and othere still quicker. For 
the nest lin 24s, tlie motit^n was most activf and consisted of 3 
grou^^ of well defined vibmtious with an average T of 6.2 sec , of 
which tiiree maximum movements ol 7.6, 8.26, and 3.9 mm took place 
respectiTdy 59s, Im SOs, and 2m 8s after the commencement of the 
earthquake; tliese being respectively the Ist, 2nd, and 1st vibrations 
of the three successive maximum groups, for the nesct 2m 6b, the 
motion remained on the whole constant and consisted of vibrations 
of an averagip T of 5.3 sec, (max. — ;5.1 mm), mixed np with others 
of T—3.'y iH'c. Fnrther on the avei-age T was 7.2 sec. 

13. From the above descriptions as well as from Platen XII and 
XIII, it will be seen that the diagrams of the two earthquikes are 
almost perfectly identical with each other, the only diflference being 
that the motion in the 2nd earthquake was slightly smaller thfui that 
in the 1st. The corresponding vibratiGiis in the two Beismograms 
are marked by same ;dplial)ols. 

14. 'i he onliaary seismograph observations at the Centml Mete- 
orologioal Obsenatory were as follows. 

l^qke No. 7. May 'Jb', 1608. 
Pnzatiou. 2m lOs. 
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Severe Echigo Earthquakes. 

EW Component. Multiplication a lO. lA-£nMrum»at.} 



¥1 XIV. 




PI. XV. 

Fig. 17. Sarthiiiiake of May 20, 1898 ; aii Om Os a.m. 

I I Boundary of area of "slight'' .motion. 

.mm „ „ "Strong" „ 



i.'iA J3«* Kir I3> i,t« ui>" i*r l**" 




PI. XVI 

Fly. 18. E*rthqii»ke of Maj 8» 1904 j 41i 23m 49s ft.iii« 

I I Boundary of area of "slight" motion. 

Ill HI , „ ««trono'» „ 
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Max. hor. mot, 2a=slS mm; T=O.Gs. 
Directiou of niAx. hor. mot NW-SE. 

Mux. vert. mot. 2a=0.2mm; 2"= 0.2s. 

liEMAKK. The e;i it) iqujiko began with ven* uiuuU iiorizoutal muvf - 
ments and the luux. hor. motioD occurred suddenly 16s after 
tbe commeuoement ; tlie mas. vert, motiou having ocoorred 
simnltaiieoiisly. Tbe TifaratiooB weie fkctive for aboafe 16 Bee. 

J-Jqke A'o. 8. May 8, iL/ul. 
Piuiition. 7m 50s. 

Max. hor. mot. l'a=4,8 mm ; T—lAs. 
Direotion of max hor. mot NW-SE. 
Max. Tert. mot 2a, amall. 

REKAfiK. Tbe preliminaxy tremor, whose dmratkm was SOs, was 
suddenly followed by the max. hor. Tibration ; the motion re- 
maining active for' Im lOs. 

It may 1)0 nuuarked that the direction of the maxinmin h(jrizoiii- 
tal motion approximately coincided iu each case with the dii^ctiou of 
tho line joinuig Tokyo with tbe centre of distnrbanoe. 



ir. EAUTHQUAKMti WHICS OM£GlNATEI> OFll' 
THIS COAST OP TMB IZU ^BNIN8VLA. 



1& PLa. XYII and XYIII give the diagrams of tbe foUowmg 

two earthquakes: — 



No. 


Date. 


Time of oocnraenoe 
in Tokyo. 


Intensity of mo> 
tion in Tokyo. 






h m s- 




9 


Nov. 0, 19UU. 


4 41 42 p.m. 




10 


0 


2 55 3 a.m. 


>> 
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F. OMOm; UOmZONXAL FENDULUM OlibEUVATIOKS 



Tbe eartliqiiake oC Kov. 6, 1900, whick ww a veiy laige one was 
aerezelj felt in the ifllands of Mikura* Miyalse and Eoro,. where many 
landdipa took place. Acoosding to lUr. N. Faknclii, wlio qieoially 
inTestigafed this eartfaqnake, the origin was situated between the Jeni- 

sbima ibluud aud tLu inauba Hook at about ladtude. 33^ 43', and hmgilude 
139° 6', or at a distance cf aljout 230 km to the Slu^W from Tc^kvo. 
The earthquake of Nov. 9th was one of the oftec-shooks of the above 
wwthiqimkflw 

Tbe areas of distorbaiioe of the two earthquakes are shown in 
FIb. XIX and XX. 

EQKS NO. 9, NOV, 6, ISOO, 

16. PI. XVII gives the records obtuiiicd from the {A) and (C) 
iostrameuts. Tlie following descriptious relate to these diagrams as 
well 88 to those obtained txom the (B) and (D) instrumeuts. 

MW Camponeni 4U Bttatsubashi: (JD) insirumetU. 
(Fig. 19.) 

'Jlie "preliminary tremor," whose dniation was 26.6 see., began with 
a slow period displacement, whose simple-period was 8.3 sec. This 
was followed by a vibration of 17.2 sec., wliose two displacements 
wore OS follows : 

1st displacements: 1.75 mm, toward E ; 
2nd a=1.6 .. , „ W. 

The average ST oE the snpecposed macnH^isniic Tibiations was 
1.11860., the max. 2a being 0.46 mm. 

The "priueipal portion" began witit a well defined vibration (2a 
= 0.9 mm), whose 1st displacement wns directed toward Ju. This was 
followed by 5 and one-half stualkr vibrations with an average ?' of 
1.45 sec., lasting together 0.4 sec. Then there appeared qnite suddenly 
a slow vibiatioQ of r= 27.2 see., whose two displaceinenta were ae 
IbUows: — 

Ist displaoemeutslCSmm, towazd W; 
2iid „ =29.5 „ , „ E. 
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The Doxt nintton was still greater and tlio pointer went oat of 

tlio i-ecord receiver. 

17. Component at JLoiujo : \A\ instrumetU, (Fig, 20.) 
The total duration was about 4 li. 

The parindpal portion lasted 13 m 22 s. la oonseqoeuoo of tlie 
Tiolenoe of motion the pendnlnm was thrown into hurg^ proper oscilla- 
tions. whose max. 2a reaobed 23 mm. 

The "end portion." The 'motion was adiTe .nnd nearly constant 

(luring the first 5ni 35 s, tlie avcrugo T being 6.7 sec, and the max. 
2a being 1.3 mm. The maximum movements oocurretl at an average 
interval of 37.2 sec Daring the next 5 m 40 s, the motion was Bmall 
(max. 2ass0.7mm), the average T being 7.2 seo. For the next 5 m 
248, the motion beeame again smaller, bnt remained on the whole 
constant (max. j2te=0.42mm), the aYerags 2* being about 8.1 sec. 'JTba 
sabseqnent yibrations had an average T of 8.2 sec. 

18. Compofient at Jlongo : [B) instrument, 

Tlie earthqnalie l»e<^nn with a displacoment of 0. llniui directed 
toward S. For the first 25 sec, the mut ion was small and consisted 
of 3 vibrations, wliose average T was 8.3 sec., the 3rd one having 
the greatest 2a of 0.75 mm. So far the superposed maoro*sei8mic 
vibrations remained sm^, the max. 2a being 0.27 mm. Then there 
appeared a ku^ displacement of 2.4 mm directed toward S, followed 
by a well defined vibration ( 7*=^ 8.0 sec.), whose 2a ytM 2.8 mm. llien 
there followed 7 large> and rapidly incroasinjj; vibrutiuas with an 
average T of 7.1 sec ; tlie 2a of tiio 1st vibration being 7.2 mm, and 
that of tlie last one 20.1 mm. The next motion was still larger and the 
pointor got oat of the reoord receiver, toward N. After about 1^ minutes 
the pointer a^un entered on the record receiver, the motion being then 
very active, so that tlie pendnlnm was for 8m lOs at full swing. 
During the next 4m 0s, the pendulum oscillation gradoolly lessened. 

The '* endl portion." Tlie motion was well defined and had an 
avprnpe T oi (J.Rsec The max. 2a, which occurretl ut the commence- 
ment, was 1.4 mm. 
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IB, GompHring the EW and NS iximponeat diagpcams, ve see 
that fhe first quick-period maximum yibintion, wliioh oeomrcd after 

the termination of the preliminary tremor, consisted of the following 
two displacements: — 

4.8 mm, toward E; 
1.75 „ , „ S. 
Again the Sod and lai^ diaplaGement of the fiiat slow period 
Yibration was made up ol the &ilowuig two oomponenta:— 

gieater than 30.0 xmn, towaid E; 

8*6 „ , f, S. 

EQKE NO. 10. NOV. 9, 1900. PL, XVllL 

20* Component at Jlongo: (C) instrument* 

The duration of tlie earthquake was more than two hours. 

The ** 1st preliminaxy tremor," whoee dm^tioti was 56 sec., o(m- 
sisted of small vibrations of mncroseismic chaiaeter. 

The "2nd prelimiunr}- tremor," whose dmration was 43 sec., 
began with a displacement of O.IG mm toward E, followed by ii Luge 
counter motion of 0.29 mm touarfl W. llio subsequent motion wns 
small (max. 2a =0.15 mm) and consisted of vibrations with an average 
T of 0.96 sec, superposed by slower ones of TssdJi sec The end 
of this phase was marked bj a single vibratimi (2a=l.l mm) whose 
T was 9.8 see. 

The "pxindpal portion/* whose duration was 14m 35s, began 
with a motion of 4.75 mm directed toward £, followed bv a Tibvatiott 
of 7'=27.C sec, wli(>:e two displacements wore as follows: — 
1st displacement =10.5 mm, toward W, 
2nd „ =12.2 „ , E. 

Doting the next 51.6 see., there were 4 vibrations witli an average 
T of 12.9 Bee, of which the 2nd had the greatest 2a of 17.6 mm. 
Then tlie pointer got oat of the smoked paper, toward W; it entered 
again on the record-reoeiTer 2m 26b after the commencement of the 
principal portion. For the next 45.2 sec, theio won a gi^up of 6 
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mg, 2a. ISarlbqimke of KoT. n, lOOO ; 4ta 4lin 42 h p.m. 

I I Boundary of area of " slight ".motion. 

II II „ „ ••weak'' „ 

III HI „ „ ** strong" „ 




mg. 23. Kartliquake of Not. 9, 19O0 ; 2h 56in ds a.m. 

I I Boundary of ar«a of "slight*' motion. 

"n „ „ *<w«ak*' „ 
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laige vibntioiis, of whicli the 4ih had the greatest 2a of 17.0 mm, 
the Average T being 7.9 sec. For the next 49 sec, there was another 

group f)f 6 large vilnations, of which the Itii li.ul th<' -imtost IV/ of 
17.5 mm, tho avcrngo T being 7.5 sec. For the next i;>.8 sec, there 
was a llitrd group of G lai^o vibrations with au average 7' of 7.8 sec, 
of whicli the 4th had the gvcatest 2a of 14.1 mm ; the 2a of the hist 
vibraticm bemg 8.0 mm. 

So far the motion wb» most active, and the difierent max. 2a'a 
did not mnch varr. There wore during this interval of 5m Os 
altogether 5 groups of masiniuiu movements, (including:; a group which 
evideiJitly otcurred wliilo tlic ]>oiuter was out of Iho rt.H'*^id receiver). 
The vibrations of the 1st group wore slow in period. The mean 
interval hetweeu the saeoessive maximam groups was Im Os ; the 
mas. 2a*fi of the 1st, 3ixl, 4th, and 5th gronps having occurred respeo- 
tively 44.7s> 3m 4s, 3m 56s, and 4m 45s after the commencement of 
the principal portion. 

For tho next 5m 32s, tho motion was small (max. 2n= 5.65 ram), 
but remained on the whole constant, the average 7' l>oiii^ S.t sec. 
Daring this interval there were 5 different maximum groups, which 
occurred at an avemge interval of Im Os; tho successive max. 2a s 
havinc; occurred 5m 46), 6m 55s, 8m 10a, 8m 50b, and 10m 10s 
after tho commencement of the principal portion. The 5th maximum 
motion was the h»t but one vibration. 

I>nring the remaining 4m 12s of tlio principal portion, the motion 
was again nuu-h smaller tlian before, but rc:i:ainc'.l du thu whole 
constant ; the max. 2a was 2.5 mm, and tho average 7' was 7.0 sec. 

The "end portion." The motion was comparatively large for the 
first 14m 558, during which the avemge T was 7.8 sec., and tlie 2a 
slowly decreased, as follows:— 

Max. 2a near the commencement, 0.9 mm, 

M „ „ end , 0.6 „ . 

Tlif-reafter tho motion became nnu-h smaller, tin? max. Ja being 
only 0.24 mm. The uvenige 2' was sec. 
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V, MAMXMQVAKm WMICII ORIQJNATED OFF 
THE NORTH^FASTMBN COAST OF THE MAIN 
I8LANJ> OB OFF THE SOVTH-EARTERN 
COAST OF HOKKAinO, 

21. ris. XXI to XXIV coTitain the earlier portioiis of the EW 
coiujxmout diagrams of the follow inpj earthquakes, which originated 
ofi' tlie NE coast of the Main laLmd or olT the SE coast of Hok- 
kaida 



Eqke No. 


Date. 


Time of occur- 
lence at Tokyo. 


lutf^nsity of mrv 
tion at Tokyo. 






h m s 




11 


Ang. 5, 1900, 


1 21 26 p.in. 


Weok, 


12 


Aug. 29, 


11 31 29 a.m. 


Slight 


13 


May 8, 1899 


0 28 54 p.m. 


11 


14 


Nov. 4, 1901 


4 5G 15 p.ni. 


Weak. 


15 


w n »» 


11 38 42 p.m. 


Slight 


16 


May 2, 1902 


8 32 2 p.m. 


II 


17 


Sepii. sorigol 


7 21 0 p.iii. 


Weak, 


1ft 


Jan. 30, 1902 


11 1 43 p.in. 


Slight. 


19 


Jan. 31, ,, 


10 42 r>8 a.m 


i* 


20 


July 11, 1899 


7 15 44 a.m. 


i 

t» 


21 


Feb. 1, 1900 


4 21 7 a.m. 


»» 



EQKBS UrOS. 11, 12 AND 1.% PL. XXL 

22, The tlireo earthquakes Is<3?5. 11, 12 and 13, took place all 
<^ the uorth-eaatera ooost cl the ^lain. Island, at varying distances 
And dimotiona from Tokyo. The atens ci distnrbanoe of theae earth- 
qtiakeB aie ahown In Ha. XXV— The position of tlie epicentre 
and the duration at Tokyo and Miyako of the total preliminaiy 
tremor of each of these three eartlujuakc^ wore as follows. 
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Earth. 


1 

Danlffln o£ pieL tnau«r. 


Boillioii of cail>qaak» ori^. 


qwlee. 




tAUijako. 


JjttlitnAa. 


LoDgitndp. 


Distance, 
from Tokyo. 


Distaooe* 

fiomMiyako 


Ho, 11. 


n 8 
1 43 


m 8 
0 4S 




(E) 
143- 


km 
788 


km 

soo 


Ko. K. 


1 35 


0 47 


891 




794 


381 


No. 13. 


U 39 


0 lu 






323 


178 



38. Bqke JTo* 11* Aug, 5, 1900 f Ih ^Im 26s pMU 

EW Component; {€) instrument. (Fig. 24.) 
The total duration was 15 m 50 s. 

Tbe " proUmiiuury iieuior " lasted 39 sec. I or the first 15 sec., 
the jDotiou was ray small and consiBted of quick macroHaeismic vibra> 
tioDB mth an ftvenge T o( 0.67 seo., saperposed by alonrer vibrotionB 
with an aTerago T of 3.0 sec., whose max. 2a was 0.14 mm. Then 
there followed a tingle slow Tibcatkm of 2*^34 sea, whidi ooonpied 
the whole retnsinder of the preliminaxy tremar» and whioh oottttttid 
of tlie followiug two displneementa 

1st displacemeut=1.2 mm, toward W, 
2nd „ =1.7 „ „ E. 

The max. 2a and the avenge T of the superposed qniok vibm- 
tioDs were respeefciTely 0.7 mm and 1.6 see. 

The ''pnneipal poortioo,*' whose dnrafion was 17m 8a, began 
with a well defined vibration of 2r=7.1 see., whose Ist displacement 
was dii'ected towai^ W. The motion was most active for tho 1st 5 in 46s, 
dm-inpt which time the amplitude loniaiueil on tho whole nearly equal. 
Duriug the earlier 2m 9s of iliis epodi, the motion consisted principal- 
ly of 34 vibrations with an average T of 3.8 sec., of whioh tbe 
greatest moticai of 3.15 mm toc4c place Im 50s after tlie commttuse- 
ment of the {oindpal portion. These were mixed np with vibrations 
whose average T was G.3 sec., and whose three maximnm movements 

* CMeBbl»d Utm the dutatioa ol the ftnl. trenor. 
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of 4.3, 3.C, and 3.8 mm occurred respectively Om 22s, Im Ts, and 

Im 38s, from the eommeuoement of the principal portion. There 
wuie also mure ur less distinct traces of slow vibrations with an 
avenige T of 15. *2 sec, whose max. 2a was 4.7 mm ; the 1st displace- 
ment of the 1st vibration, whose T was lo.2 sec., being directed 
towaid W. There were also quick snperposed movements of T=2JL 
sec, whose mas. 2a was 2.3 mm. The snbsequent motion became 
simpler on account of tlie lessening of qnick yibiations, and began 
with 3 well defined movements which lasted 25.8 sec., and had an 
average T of 8.6 sec., the 3rd vibration having the greatest 2a of 4.35 
ram. For the next 3ni 15s, the uverage T was G.l sec. tlic tsvo uax. 
iiu's of 3.6 and 2.7 mm having occurred resixu tively 3in tiUs from tiie 
commencomcut of the principal portion and »t the end of the most 
active part. The Bapeqx)6ed vibrations had an average T of 3.3 sec. 

Daring the oexi 5ra 5s, tlib motion was mnch smaller bat re- 
mained on the wliat constant, and consisted iA 43 v^^ular vibrations 
with an aveiiige T of 7.1 sec, the max. 2a being 1.75 mm. The 
superjKJscd <jiiick vibrations were slight. 

During the remaining Gm Us of llie juincipal portion, the motion 
was smaller tli.-iu l)efore, but remained on tlio whole constant; the 
avwage T was 7.1 sec. and the mas. 2a was 0.75 mm. 

The "end portion." The mas. 2a was 0.28 mm. The average 
periods deduced from 150 vibratious at the oommencemont and from au 
equal number of vibrati<ms near the end were 8,1 and 0.4 sec respec- 
tively. 

34. 12. Aifff. '^fK 1900: ll/i 31m ii*Js a,m, 

X!W ComiHyncnt ; {€) hmtn'amcut. (Fig. 25.) 

The preliminary tremor," whose duration was im 31s, consisted 
of vibrations with an average T of 11.7 sec. (max. 2a=i0.4 mm), su- 
perposed by small vibrations with au average T of 2.7 soc. 

The " principal portion.*' During the 1st Im los the motion was 
comparatively small and consisted of 8 vibratious with au average T 
of 9.4 sec, the bst but one vibration having the max. 2a of 17.5 
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mm. There were abo aome snperpoeed quick ▼ibrftti<Mi8. For the 
next 3m 4ob, the motion was most active and constated of TibmUoms 
witli an average T of 5.9 sec, of whicli tlie 4 max. 2a*s of 3.2, 
3.25, 2.45, Hiid 2.7 inin fx-cuii-od leiijioctivcly '.hn Ids, ;5m 58s, 5m Os, 
and tim lis, fi-om tbu coiumeucemcnt of ilio 0Hrth«|unke; these raove- 
lucnts were superposed by vibrations with an average T o£ 10.6 sec, 
mixed up sometimes with small vibratioos whose average T was 3^ sec. 

Thereafter the motioii became much smaller and' remaiiied nearly 
ooQstaiit for the next 5m 3s; the vibrations whose averagie T was 6.8 
8ec. (max. 2a =1.3 mm) being mixed up with tlioee whose average T 
was 9.3 sec. 

For the nest Gin Os, the motion was ugaiu smaller arid nearly 
cgnstant (max. 1^( = 0.74 mm), the average T being 11.3 mc. Theiti 
were also vibrations with an average period of 6.1 sec. 

In the "end portion/* the motion consisted of regular vibrations 
with an average period of 10.0 sec. 

85. BQkeiro.13. May 1899 ; 0h^8mS48p,m. EW 
Component; (A) instvument, (Fig. 2fi.) 

The following description is takeu from the PtMimtiom, No. 6, 
pp. 71-72. 

Tlie preliminary tremor " lasted Im 45k in the; E\V and Im 
41 s in the KS component, and oonsisted of well defined slow vibiap 
tions, whose average T was 10.1 and 11.6 sec. in these two com- 
ponents respectively. 

The max. 2a was 0.14 mm in the EW and 0.33 mm in the NS 
compoMGnt; tlio very first motion oi" the »')tiiii<|uuk(' being U. 1 mm to- 
ward E and also 0.1 mm toward N. The superposed small vibrations 
had an average T of 1.2 sec. 

The ** principal portum" lasted 8^m and oonsisted at fiist o£ 
quick vibKatums, which there suddenly made their appearance and 
whose average T was 0.68 sec. ; the max. 2a being 0.25 mm in each 
oompottHit. These were superposed by slower waves with an average 
T of 8.2 sec, whose max. 2a of 1.3 mm in the EW and 1.1 mm in the 
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NS oamponent oocaned Sin 478 from the biBginmug of ibe eafUi- 
qnake. From about Oh 32m the motion became zegnlar, tbe avenigd 
T being 6.98. 

The "end portion." 'J'lio average 7' niejisurcd, from 8 hucoossive 
groups of 50 vibratiouH, in tlic EW coniponent, commencinf^ at Oh 
39m 15s, waB as follows ;—a.2i 8.8; 9.0; 8.7; 9.6; 9.3; 9.8; and 
9.4 sec ; the gpoonl mean iraliie being 9.1 see. 

EQKES NOS. 14, 16, AND Id, FL. XXIL 

26. The two eartbqnakeB on Nov. 4, 1901, at 4.56.15 p.m. and 

11.38.42 p.m., originated off the coast of (he peninsula of Awa and 
Kazusii. The centre of the Ist earthquake was at a distunw, of about 
210 km from 'Jokjo, at laL 34°J N, long. 141°5E. The centre of the 
2nd earthquake waa near that of the let, at a slightly greater dis^ 
tanee from tbe ooast^ about 250 km from Tokja 

The let earthquake was felt tveaUy in Tokyo and the vloiniiy, 
while the 2nd was felt weaMy only at Ghoehi. 

The diagrams of the two earthquakes are very similar to each 
other ; Home of the prominent corresponding vibrations are marked a, 
6, c, d, e, /, (J. 

27. EqkeNo.l4» Nov.4, 1901 ; 4hiSem ISap^m* EW 
Cmnpaiwni ; (A) insirumeni. (Fig. 27.) 

Tbe ** prDlimmaiy tremor '* lasted 24 eac. 

Ihe "principal portion.*' The motloii was mast actiye for 3m 
45 8, and oonsiEited, during ihe first 1 m ^ s of 35 vibrattmis with an 

average T of 2.85 sec, the last one having the pjreatest 'Ja of 3.0 mm. 
Tliese were Huperposed by vibrations with an average T of G.Ssec. 
During the next 2 m 3 s, the average T wa^ 4.08eG.» the max. 2a he- 
ing 2.8 mm. Tbe sabsequent vibration had an avenigiB T of 4.2 sec. 

2& Sqke Xo. IS* yov, 4, 1901$ llh 38m 4»8 p.m. 
SW ComponeHt ; (A) inatrumeiU* (Fig. 28.) 

The " preltniiiinry tixsmor" lasted 29 sec. 

The "prmcipal portion." The motion wab most active lor 3m 



Digitized by Google 



OF EARTHQUAKES IN TOXTO. 31 



358, ood eonsistod duxing tbe fiiat Sm Ob ol 14 yibiatioiis witb an 
averogB T dL 8.6 eeo., superpoeed by those wilJi an average T <A 

alx>ut ^.3 s©c. Tlie succeeding vibrations hnd nn average T of 4,3 sec., 
the max. 2a beiug 1.8 mm. Later on the average T was 4.2 sec. 

29. Eqks Xo, 16. May 2, 1902; 8h 32m 2s p,m, £W 
Component; {A) instrument, (Fig. 29.) 

Tliis earthqiiBke was felt vfealdy at Aomori, and ab'gliUif at lahi- 
nomaki and Akita. 

Tbe doiation of the *' preliminary tremor " was Im lis. 

The " principal portion." During the first 2m 28b, there were 11 
well defined vibrations, of wliich the first two had nn average T of 
1G.5 sec, and the remaining 9 tliat of 12.8 sec; the 2nd vibration 
having the greatest 2a of 2.8 mm. Then there appeared quicker vibra- 
tioos with an average T of 7.0 see. ; the 3rd vibration having the 
max. 2a of 2.4 mm. Tha two maximnm movements above mentioned 
took plaoe feapeetively Im 308 and 3m 60b after the commencement 
of the earthquake. 

Liater on vibrations of an average T of 12.0 sec. were mixed 
with tiiose of an average T of about 7 

EQKES NOS, 11, 18 AND 19. PL, XXIll. 

80l All tbsfle throe earOiqnakea ori^nated off the north-eaatem 
coast of the Main lalandp the approximate positions of their origins 
being as follows. 



Eqke. 


Fonltton of «qk« origin. | 


Mean radius cf area o< 
dbtaibuios of 


Latitude. 
(N) 


Longitade. 
(E) 


DiRtntice 
from 
Tokyo. 


Dirtctioii 
from 
Tukjro. 


, ^rong 
1 uotiun. 


Wmk 
motion. 


motioo. 


No. 17. 


.38* 57' 


143- 31' 


km 
474 


N42E 


km 


km 

450 


km 

C50 


No. 18. 


39* 9' 


143' 31' 


436 


N40'£ 




430 


020 


27a 19. 


4ii' 50* 


144' 13' 


680 






95A 


530 
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TbB position ol fba orig:ia of Eqke No. 17 Iios been determined 
from the dmatioiiB of the prelimixiaiy tremor at Tokyo, Osukn, nnd 
Miznsawa; while those of Eqlcen No«. 18 and 10 huTO been inferred 

o:ich from the isoseismni iruip and the diu-ation of the ])icliniiTmrv 
tromor as observed in Tokyo. The isofieismnl mti\m oi iLc threo enrth- 
qnakes are given in Pla. XXVIII, XXIX, and XXX. 

'Hie preliminary tremors ol the three earthquakes were in ohamo- 
tcr very stmilnr to one other, the motion oonslsting in eaoh case of 
small vibrations superposed by a slow movement whose T was about 
40 seo. Again the 1st dfeplacement of the prindpel portion waf« 
always dii-octed toward E. Tlio corrosixjndiiig phases of motion are 
indicated In- tin! let tors a, r, «/. 

3L Mqke 3o. 17. liept. :fO, 1901 ; 7h 21m 0» p.m. JiW 
Component; {A) instrument, (Fig. 30.) 

The duration of tlie **pi-diminary tremor'* was 00 seo. 

The most active part of the "pinoipsl portion/* which lasted 
3 m 26 8, was confused by the prosier osoillatioiis of the pendulum. 
Thereafter the motion consisted at first of vibrations, whose average 
7' was 3.3 sec, 8uperpf>s* <] hy slower ones with an avei'agc 7'<if al)out 
C.3see. Tlie subsequent vibrjitions liad an average T of 7.2 sec. 

In the *' end portion," the average T was 9.7 sec. 

83. Sqke JVd« 28« June 30, 1902 ; llh Im 43s p*m* 
MW Component ; {A) instrument* (Fig. 31.) 

The dnrati<Mi of the preliminary tremor" was (SSsec 

During tho first 2m 35 s the "principal portion,'* the recxnrd 
was confused by tlie pix)per oscillatiun of tlio x>Gnduliim. Thorr^after, 
the average T was 4.5 sec. Later on the vibrations became rogulur 
and had an average T of 7.0 sec. 

In the ** end portion " the average T was 10.5 sec. 

88. Mqke Xo* 19. Jan. 31, 1902; lOh 42m 58s a.m. 
EW Component ; {A) instrmnent. (Fig. 32) 

Tlie duration of the " preliminary tremor ** (at Tokyo) wa.^ 89 sec., 
which corresponds to a radial distance CSOkui. Tlie diuatiou of 
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the pieliminiury tremor at Osaka nuci Miznsaira were respectively 

13G and 38 sec, concsiKtudiiig to radial dktauces of lOSO anil 310 

km. 

In tJio 3rd aud Bubtieqneut phases of the " priooipal portiofti/* 
the T was (*.48ee. 

In the "ead poiiion.*' the ATeiage T was aixnit ILSsec. 

EQKES NOa. 20 ASD 21. FL. XXIV, 

34. PI. XXrv ^ives tb(t earlier portiona of the £W component 

(lingrams of tlio foUowinj; two eaitlujuukt H : — 

Blko Xo. 20. July 11, 1S90; 4.40.7 p.m. 
Etlke No. 21. Vvh. 1. IDOI) ; 4.21.7 n.ni. 

Aa will be seen from Fls. XXXI and XXXII, the two earth- 
quakes liad nearly siniilar disiutbauce areas. Laving been felt throng* 
oat the latter only toeahlg or tUghily. The originea were evidently in 
the vicinity of eaoh other, ilie only diffisrence being tlint Eqke Ko. 
20 was «oraewhnt greater tlian Ei|ko. No, 21. 

Tlie two diii^rrnms. Hp. 38, I uiid II, wciv jjjiv* u rrspctivelj by 
the A iiiHtrninrnt nud by a horusoutnl poiukilmn of |x>rtablc fomi 
whnne luuitipliciitiou ratio was 6. Again the two diagrams, iig. 34, 
I and II, were given respectively by tlie A instrument at Hongo and 
D inatrument at Hitotsnbnahi. It will be obsei-ved that in each case 
different iustninients gave practically similar records. 

By coinp;iiiii«i li<<. 33 with fig. 34, it will bo observed tlmt the 
din^-jims of th« tv\M cui tliquakes are, on tlio whole, simil.ir to nim 
aiiotlior, with thi.s marked diliei*ence : namely, the directions of the 
very tii-st displacement and the well defined slow vibratitm which 
fdlowed it, at the commencement of the principal portion, were op- 
posite in tlie two earthquakes. 

35. Eqke Xo* SO* Jv^n ^899$ 4h 40m In p*m* 
(Fig. 33. II.) 

Tlie following debciiptiou is taken from the FuUictitious, No. (>, 
pp. 74-75. 
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The *< pielimiiiAty tramor " lasted 2in 238 in the EW and abo 
2m 33s iu the NS oompoiiMit, the very first dispIiioeiii«it being 0.1 mm 
tovards E and 0.15 mm towaids N. Tlie motion consisted of rerj 

small vil)iatii>iis with aii average T of about 2.4 m^v., Kn{)erposed by 
slower ones whose average T was 4.1 and 4.2 sec. in tlie EW and 
components respectively. 

There weve also stUl slower movements, whose avemge T was 
10.7 sec. and whose max. 2a was 0.2 mm in the EW and 0.3 mm in 
the NS component. 

The ** principal portion " Listed 5m 403. For the fiist 2m 5s 

the taction was on the whole coustaut, aud consisted of well defined 

vibrations with an average T of ').5 sec, divided into max. and 
niiu. groups ; the uuix. movements in the EW component being as 
follows : — 

2a =2.7 mm, occmrred at 4)i 42m 21s; 

2.0 * 43 21 ; 

ff 2.7 fi 4 44 0 > 

For the next Im 65s, the motion was on the whole constant, aud 

consisted of comparatively re^^nlar vibrations of aii jfn l ago T of CO see, 
the max. (abs,) 2a of 3.3 mm occurring at its beginning. Iu the NS 
4X>mponeui the motion in tliis part of the earthquake was diatarbed 
somewhat by the proper oscillation of the pendolnm. 

Tlie *'end portion." The average T was at first 8.0 sec. and 
towards the end 9.6 sec. 

86. :Eqkeiro»21. JFeb» 1, 1900 f 4h 21m ts a^m* BW 
Component; {A) instrument . (Fig. lU, I.) 

The "preliminary tremor" liuited 2ni 25s. 

The '* principal portion " lasted rmi :iOs. During the fii-st 2m 
45s, the motion remained on the wliole nearly constant and had an 
average T of 7.9 sec. ; tlie very first dbtJacement of 0.3 mm being 
direoted toward W. The next vibration, whidi was the roaximnni, had a 
period of 8.8 sec.* its two displacamenta bdng 1.2 and 1.4 mm, re- 
spectively directed tuwaixl E aud toward W. Duiiug the remaining 
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Fig. Bartbquake of Aug. 5, 1900 ; 111 21m 178 pwiiu 

I I Boundary of area of "slight" motion. 

" n „ „ "weak" 



!••* IM* 




PI XZVL 



Fig, 36w Eartliquake of Aug. 20, 190O ; lib 81m 20« ti.iti 

I I Boundary of area of •'slight*' motion* 

II n „ „ «weak» „ 

HI ni „ „ "Strong" „ 



IM* !»•* 14»* Ut* 




PL ZXVIL 

Fl|r* 37. KarlliqiMke of M«dr 18(M» ; ah 28ni 54s pwin. 

I I Boundary of area of '* slight*' motion. 

II II „ "weak" 

III lU „ „ « strong*' „ 



IM' U9' I*f I**' »♦« 




Fig, as. Earttaqnake of Sept. 30, lOOl ; 7h 2lm Os iKm. 

I t ... Boundary of area or • slight" motion. 
" " » »• -weak" 

'1 1 I H .. .. " stronq " 




FL XXIX. 

Fty. 89. Earthquake of Jan. 30, 1001 ; llh Im 43s p.m. 

I I Boundary of area of "slight" motion. 

II II „ " weak " „ 

HI HI „ "strong" „ 




«. BareWe „. ^^^^ 



PL XXi 



I I 
n n 



Boundary 



Of area of '.sl,g,n.. ^^tion. 
•* Weak " 
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Fts. 42. ]2;»rili4iuake of Feb. 1, lOOO ; 41i 21m 7s «.m. 

I I Boundary of area of "slight" motion. 
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Sin 4l>s of the principal portion* the motion was smaller but remained 
nenil^- oonstant (max. 2a =0.6 mm), tlie aTerag« T being 7.2 sec 

111 tlic " end portion," tlu* averj^^e 7' 7.4 sec. 



IT. KYI SUYV AND OsHIjMA (J. Y I -Ki t ) 
E^LRTUQIAKES. 

37. i'l. XXXlil ((iiitaiim tlio oarli(»i- jKn-tions of tlie EW com- 
pttueiit (liaf^-nms the f(»llowing foiir enrtbqimkos : — 

Eqke No. 22. Nov. 25, 189U ; 3h 4i"ni 24a a,m. 
„ ^o. 2a. „ ; 3 58 48 a.m. 

„ No. 24. June 24, IflOi ; 4 6 1!) i>.m. 
„ Ko. 25. Ang. 25, 1904; C 2 31 am. 
Tlie first two eartliqnakes originated in KyiiKlivii, -while the two last 
oripriiiatiHl off the TsIjukI of Oshinia (L}ii-Kyu). 

Kiioli of the (lijii^rams of tlie 4 ojii-thr|ti;ik< H dosciilK'd Ih'Iow has 
Ihh'U obtniuod from the C injitimucut at Hougo. 

KYUSHYU EARTHQUAKES, NOS, 22 AND 23. 
NOV. 25, 1899^ .3* 24* AND Sf" 68^ 48* A.M* (Fig. 43,) 

38. TliH first of these two eai-thqiiakea waa the gi'eatost wliidi 
shook £ynshja in recent j-eara. In the two provinces of Bnngo and 
HriigA a fow houses were overthrown and the gioimd was sligbtlj 
rracked. Tlie origin was ptrobably inland and mtnated at about long, 
131*1 E and ht. 32»| N. 

The " proliuunary tremor,** whose diiiatiou was Im 42h, consisted 



• S^o lUe ruUicatiuni, No. ti, pp. 131-138. 
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of 13 vibiations with an aveangfa T of 8.2 hoc, tbe max. 2a beiug 
0.5 inm. There were aiho some alight. tiaeeB of Tezy slow TibiatiouA» 
The ** principal portion** began vrlih an abrupt displaoemftnt of 
2.2 mm towivrdu W. Then followed a lai^^e vibration (marked c'd'c') of 

T --iiiA set-., wliose two displftceineuts were respective!^' 6.4 imii towiirclB 
J£, Miul G.5 mm towards W. 

The next vibratiDii was Hmall, (l'f< = 3.0 mm), its T beiug 22 Hec. 
The next 5 vibrations were nearly equal in luuiditude the last bat 
cue vibration having the max. 2a of 6.4 mm (tmtrked m'nfo*) ; the fixst 
3 liaviug an average T of 23.3 sec, and the last two an average T 
of 17 see. These slow waves which t<i^ther Itisted about 3 min. were 
s«]Ter]T<)se<l by small quick vibmtioiis, apparently coiitimied fnnii the 
pivb'miiiarv tn^uiiu. I rom 31i 49m H^Js, or liii iiSs aftor tlio l)cginuiiijjt 
ol the eaitliquake, ({iiii kei waves Ijeeame promiueut ; tlie uiotiuu c<>u- 
sistiug esseittially of tlie fuUowitig two tj'pes :— > 

{ i ) Yibratious with an average 2* of 8.0 seo., whose max. 2u of 
2.7 mm occmTed at about 3h 51m 158. 

< ii ) Vibrations witli an average T fxf 17.0 sec. ; the maximum 
motion (marked h') of this iy\yG, {Jn=GA mm), occmred at 
31i 40m 'i-ls, funi)iii}Tj tlio last but ono wave of the principal 
IKutiou, or at 2m '2Hs aft<>r tii*} cumuioutromeut of the latter. 

Tlift exact connnenccineut of tlie 2ud earthquake was obscured by 
the end portion of the lirst Tbe long period maximum vibration 
(marked 6"), however, appeared at 3h 58m 39s, or 11m 42s after the 
cic(Rirrenoe of the corresponding wave in tlie 1st earthquake ; the max. 
'J I (roai*ked e'^d"e") being 2.9 mm and the |>eriod 31.3 sec. Then 
followed C woll defined waves with au avera'^e T of '23 sei*. ; the slow 
vibrations toj^ctlier laHtinp: 8 min. The abH«.>lute uux^. nmtiou (marked 
m"n"o") (2«=^3.6 mm), whose T was 17.0 sec, occun-ed at 3h 15m 
56s, or 2ui 32s after the commencement of the principal |)ortion and 
was the hist but one o{ the latter. The movements marked bVd'e*. . 
..o'//. ...7' in the 1st earUiquake correspond to thone marked 6'V 
(i'V. . . .o'V ... .17" in the 2ml. 
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Tlie two eartliiiiiftkeii were tlius exactly aimilor to each tith^; 
tliere \yeing iu each oaae first a maximum vibratkm of a very slow T of 
35.-1 it) 31.3 sea (mean 33.4 sec ), aiul subsequentW another mKcimnin 

wave \vh(we T wiia about half of tlint of the iii-st, ii.iincly, alxnil 17s. 
Tht» time intenuls betwoon c'd'e' jiiul ni'u'-t' ami l)<'t\v(Hni <:"d"t" and 
m"u"o" wore resj)ectivfily '2iii 3s aud 2ia 2s ; while tho tiiuo di&renoe^ 
Ijetween c'd't' and cf'd"e" uud between m'n,'o' aud m"a,"o" wera each 
llin 36i$. 

Iu the **eud portiou" of the 2ad earthrjuake the average 
meanared from 80 vibmtioUH, wa<i 8.1 mc. 

OS til MA KAHTllQUAKi:s. XOS. Jf AND _V>. 
J (WE 24, mU, AND AUG. -'5, J004, (Figs. 44 and 4r,^ 

39« The Iftt oavtliqiiake, whose origin was probably situated at 
a |K>int Ita 29** N and Imfj. \^ E, was felt viotenUtf m the Island 

of Oshiina, ami wjoh'hf in the •xrejitor ]»rtiou of K\nis]iyu. (See PI. 
XXX.IV.) Thf^ "li^iu of the -lul oarthinuike whii-h was I'flt ivcahhj 
Diily at OHhituik aud Mijaztiki (province of Hyiiga, iu Kyusliyu) ami 
elighffi/ at some other plaof<», waa probably situated a Utile to the £ 
<>i* S£ of that of tlie Ist eartliqiiake. 

Hie number of the after tdiocks which followed tliette two earth- 
quakes dm'ing the snooeeding 30 days were 25 and 40 respectiyely. 
The observation of tliese after^iocks which were mostly slt^lii uiifelt 
oues, wcro as follows. 
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AFTEB'SHOCKS OF THE OSHIMA £A.BTHQUAE£ 

OF JUNE 2i, 1901. 
Observed at the Oiitalma Met. Obaeryatory. 



Date. 


Tim* vt ocentntice. 


Iitte&sity. 




Tin* of oociutMioe. 




•Tnne 24 


4.'' 


lamfO.* 


p.m. 


Wrnk. 


June 


26 


5.h 


03."' 


00.* 


p.ni. 


SligDt. 


II n 


5. 


4'2. 00. 


f* 


8llgLt. 


t» 




5. 


05. 


(0. 


«• 


N 


»i •• 


10. 


40. 00. 


•» 


Strung. 


fi 


28 




15. 


00. 


t* 


n 


»• >• 


11. 


03. (0. 


•» 


HJigltt. 




30 


10. 


13. 


00. 




n 


• !• I. 


11. 


44. 00. 




» 


j'aly 


1 


3. 


42. 


10. 








0. 


41. (0. 


a.m. 


•« 


»• 


4 


3. 


08. 


IK). 


«■ 




•» •! 


0. 


54. 0(1. 




n 


»f 


7 


0. 


40. 


OO. 


p.ni. 


n 


W f. 


1. 


15. ro. 


It 


If 


«t 


10 


1. 


58. 


00. 




!• 


*t " 


b. 


01. 0<). 


»• 


•• 


M 


15 


10. 


58. 


00. 


I'.IU. 


n 


t« .t 


a. 


[0. 00. 


•» 


1* 


i> 


S2 


9. 


05. 


00. 




t» 


" J* 


5. 


12. on. 


» 


n 


•I 


f* 


5. 


2H. 


00. 


p.in. 


n 




11. 


16. 




>l 




23 


4. 


16. 


10. 




<> 


tl H 


3. 


VI. Oft. 


p.in. 


It 

















AFa£H-«IiOCKS OF THE USlilMA 1:ARTHQUAKE 

OF AUG. 25, 1904. 
Observed at tlie Met. Observatory of OsMiua. 



Tntc. 


Timo of cccurrence. 


. 1 

IctcTiRify. ' 




e. 


Tim 


f. of 


< ccnrrencc. 


lateuMty. 


Ang. 








i'J.* 


n.ni. 


Slight. 


Aag. 


2G 


G.^ 


54.' 


' 25.^ 


p.m. 


Sligbt, 


*• 


» 


6. 


34. 


07. 


II 


»• 


ir 


tt 


8. 


6<k 


SO. 


tt 


f« 


*> 




t . 


It". 


12. 


It 


t* 


H 


27 


0. 


16. 


60. 


tt 


t* 


»i 


>i 




] 2. 


40. 


It 


N 


M 


28 


8. 


52. 


10. 


fl.m. 


n 


ff 


I* 


7, 


:^3. 


12. 


It 


•• 


tt 




7. 


08. 


30. 


p.111. 


ti 


n 


It 


7. 


28. 


14. 


II 


»• 


it 


30 


10. 


39. 


3U. 


u.m. 


i» 

M 


H 


1. 


7. 


54. 


24. 


It 


1* 


•» 




11. 


33. 


:«). 


t» 


»• 


♦» 


8. 


53. 


24. 


•> 


H 


»• 




11. 


37. 


3.'>. 


p.m. 


•> 


»» 


I. 


'.). 


2 1. 


:n. 


>i 


«t 


8ept 
•« 


0 


fi. 


27. 


1(1. 


It 


W 


•> 


tl 


a. 


3i. 


4G. 


n 


M 


»• 


0. 


1«. 


17. 


»t 




»i 


»» 


10. 


18. 




ft 


tt 


It 


7 


1. 


47. 


15. 


njn. 


tl 


»► 


»• 


10. 


47. 


44. 


»» 


It 


i> 


II 


1. 


57. 


11. 


• t 


tt 


>• 


II 


11. 


25. 


2H. 


It 






tl 


2. 


10. 


30. 


ff 


tl 


•» 


I » 


0. 


2K. 


04. 


p.n . 


" 


: 


t» 


5. 


3b. 


ir,.« 


*» 


»» 


n 


»• 


0. 


54. 


45. 


•t 


♦» 


•» 


8 


0. 


15. 


07. 


»• 


f» 


h 


fi 


1. 


09. 


45. 


n 


tt 


u 




3. 


22. 


05. 


tl 


*» 


n 






Otf. 


56. 




II 




10 


6. 


09. 


4a 


»• 


N 
«t 


»i 


2G 


2. 


45. 


05. 


» 


tl 


Iff 


15 


7. 


39. 


27. 


ft 


M 


tl 




45. 


50. 


It 


tl 


It 


16 


0. 


37. 




»» 


tl 


!• 


t» 


5. 


10. 


24. 






It 


17 


10. 


53. 


46. 


•■ 


" 



(• The two eBtthqUBkes Barkecl iritli "uterisfai" vera jriupiUf, nil the reat bring 

NM/(i(f ones.) 
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It will Ik5 ()lis<>rvt'(l tlijit ilio dia'^rams of tlie two Oshiin.a eartli- 
qiinkes (Hf^s. 44 aud 45^ are similar iu mafiy resiJects, especially in 
the appeanvuce of a slow vibratiou immediatley after the prelimimiry 
btemoe. Some of the priuoipal o o rreg p o i tding Tibrations in tiie two 
aeismogiAms are marked bj similnr lettexs; the chief points of ilif- 
feienoe being; tlmt tlie vibrations, whose T was abocit 9 see. pre- 
dominated more in the Biirthqnake of Jnne 24, 1901, than in the 
o}irthi]ii;ikti of Aiiy. 'io, JD,)4. The following are the aualysis of the 
seismrKrranis. 

40. Jia^e So, Jiuie it4, 1001 f 4h Hm 198 p.m. 

(Fig. 44.) 

The '< prelimiuarj tramor ** hksted 2m ISs, oorresponding to a 
radial distanoe of 1020 km. Tlie motion oonststed of the following 

two sericii of vibmtioiis : — 

Average 2'=;J.S sec., mux. lia - 0.3*2 mm; 

n ="l-7 , =i0.59 . 

There wmre also traoes of slow vibrations whose T was about 16.6 sec« 
The '* prinoipai portion," whose doraticm was 22 min. began with 
a slow vibration (o^), whose T wits 25.7 sec.» and whose 1st and 2nd 

dlsphioements were respectively *2.6 ram toward W and 3.3 mm toward 
E; the 2nd and jrvcuter tlispbicemout beinf?, as iu the cases of .\ljLsca 
and T(jkyo tjui iliqimkes, directed away from the origin. For the 
ne3(t 3m 3Qs, the motion consisted of vibrations with an average T 
of 15.2 seo., whose max. 2a of 4.5 mm took place at the end of 
this epoch; there being also some vibrations with an average T of 
9.5 sec. Thereafter, the movements became ciuioker (average T=8.0 
sec.) aud were mowt active diaing the uext 2m 61s; the three max. 
2a's of 4.1, o.G, uud 4.4 mm (marked y, y, imd A) haviu«T talu n 
respectivoiy at the liegiuniug, near the middle, aud at the eud of 
this epoeh, namely, at 6m 14s> 7m 31s, and 8m 41s from the com- 
mencement of the earthquake. For the next 7m 45s, (between the 
vibraticats marked h and £,) during which the motion was on the 
wliole constaut, the average T wjis sec. aud 4 max. 5a 's of 1.9 
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to 2.15 mm oceumd in tlie latter part ol this epoch; tliere lieiug ni 
first also some Tibraticns inritli aii aTemge T of 16.1 sec. For the 

next 7ni 23s (between the vibrations niarkod /. iiud I), the motion 
consisted of 52 well dctincd movements with jiu average T of 8.5 sec, 
frlicee max. 2a was 1.5i'« mm. 

The *'end portion." The average T measured abont 1 hour after 
the commenoement of the earthquake, was 8.4 sec. There were also 
some vibrations whose average T was 12.6 sec. 

41. J^qhe 3o. 2S, Aug. 23, 1904; Oh 2m 3Js a,ut. 
(lig. 45.) 

The " preliminar}' tremor" histed '2m 17s, oorresixmding to a 
radial distance of 1030 kin. The motion consisted of the following two 
series of vibrations: — 

Aveuigo !r=:6.4 sec., max. 2a =0.56 mm j 

_ 'M _ 

There wero also traces oi slow vibiatii ms, wlu^.se 7' was .ubimt ^'2 soc. 

Ihe " principal portion," wln.se duratiim was •JSm 40s, began 
witli a slow vibration of 2^= 24.5 sec, whose two displacements were 
8.0 mm toward W, and 3.24 mm toward E. For the next 3m 21s. the 
motion consisted of the following three sets of vibrations : — 
Average T=10.4 sec, mnx. 2a =4.7 mm; 

»f = 15.8 „ , — ? 

„ =18.5 „ , „ =4.65 ; 
the Inst maximum movement having occurred at the end of this epoch. 
For the next 3m 28s, the motion was most active and had an average 
T of 9.1 sec. ; the 3 nearly equal max. 2a*s of 7.4, 6.9, and 7.6 mm 
(marked <7, and h), having taken place respectively at the com- 
mencement, middle, niul end c»f tliis eixteh, namely, Cm SOs, 7ra 
3Gi>, and 9ni Gs alter the commencement of tho earthquake. Tlie (h- 
CQiTeuoe of these 3 maxima is similar to the case cf the Ilclugc^ 
earthquakes of Biay 26, 1898, and of May 8, 1904. (See |§ 9, 10 
and 12.) For tiie next 7m 468 (between the vibrations marked k and 
A*), the motion was on the whole constant and consisted of 51 well 
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d<'tiiiC'il vilnutituis with au hvcimj^c T <»f 9.2 sec , tlicio lieing ji soiies 
of max. -^a's o£ 3.8 to 4.2 iniii. F<»r the ne.\t 7iii 4t)s, tho mcttiou 
ims again nearly auiibm, (iDax.:^a=2.C5mm), tlie average T beiug 
8J sec. 

In tha '* and porticm," ilie average T meaauivd about 1 hour after 
the commenoement of tlie eaithqnake was 8.6 sec. There were a1ai> 

at several places vibrations whoso averagj' T was 13.1 sec. 

A ooiupnri.sou of tigs. 43 with ligs. 44 nntl 45 slmus that 
the character of motion axtd llie prevailing periods in tlie Kjiishju 
earthquakes were nearlj equal to thone in the Osliima earthquakes. 



vn. CEBAM Ayn ismw g vtnka 

MABTHQVAKJSS. 

43. 1^1. XXXV gives tlie earlier portion of tlie EW component 
diagriiiiis of tlie fi»llowiiig two t artlupialvcs : — 

Eqko No. 20. Sept. 30, 181)9; 2h 11m Os a.m. 
No. 27. July 29, lilUO; 4 8 42 p.m. 

Tlie lat earthquake wos the great disturbance which caused much 
damage along ihe southern coast of Ceram and in tlie neighbouring 
islands. Its origin was situated off the southern const of Ceram, at 
about lo)}ff. 120^ E, luL 6° S. 

Thf origin of the 2ud onrtli<]iiake was, nccouling to Professor 
Milne, situ,-it(d off the scnth-enstem coast of ICew Guinea, saj, to 8 
IS" £ from Tokyo. 

The duration of the total preliminary tremor of the Cetam earth* 
quake was Dm 25s, and that of the New Quinea eartliquake was 12m 
22b (menned from Hongo and Ilitotsnbashi diagrams), and corrcs- » 
pcHidiug radial distances were, according to the formula of the 
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mAximuiu gimup of 4 vibntions with an avertige T of 22.9 «ec., the 
2nd liaving tlie greatest 2a of 4.3 mm. (This group pit>b&bly marks 

the tiommenceraent of the '.\n\ pliaso of the piiucipal portion.) Tliere- 
after, tlio riixl (luickoned, siud the vibrations were very nearly free 
from sii]X)rp<»iti(>iis, and the motion diiriug tlie I'est of tlie priucipA) 
portion oonsisted of a sticceiisioii of iiia&imum groups, which occurred 
at tolerably regalar intervals. The 2a*» and times of occurrenoe of 
tlieae groups, commencing with tlie above-mentioned one, counted as 
No. 1, wer.^ as folknurs : — 



No. of Mas. Gn>up. 


Mas. 2a. 


Time of occurrence, 
after the Xo. 1 Group. 




mm 


m. 


8. 


1 


4.3 






2 


2.9 


2 


2 


3 


2.1 


3 


20 


4 


3.3 


5 


15 


5 


1,4 


7 


0 


($ 


1.3 


8 


r>7 


7 


1.9 


1) 


r>5 


8 


1.4 


12 


31 


9 


1.4 


14 


28 




0.81 


16 


o6 


11 


1.00 


18 


08 


12 


0.9 


21 


0 


IH 


1.06 


23 


10 



The alKive 13 maximum groups thus occurred at an average interval 
of Im 56s. Each group comprised on the average about 40 vibra- 
tions, the Int (in a few cnsum, tlio 2nd) vibration being tlie maximum 
one. Tlie iivora'^o 7' of the vibiiitiuiiH \vji,j> 11. o sec. 

The " end portion." The 2a in the end portion was much smaller 
than in the principal portion. TJiere were several mas. ^Ja'a (the aba. 
greatest, 0.0 mm) at intervals. Thus during the first 27m 50 s, tliera 
were 0 more or loss distinct mtiximnm groups, which occurred at an 
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avenige interval of 3m 6s. Dariitf? thus epoch the motion couBisted 

of vilmitious witli an avemgo 7' of 15.4 sec, mixed up witli thos*^ of 
Hverago 7"s of 11.3 sec. and 8.7 sec. Tliereafter tlie motion bcciiiae 
more regular aad much Hniallei- ; the average deduced from 8 

soooeeaiTe aeries each of 50 to lOO vibmtions being as follows : — 

/ 10.3 sec. 

10.5 „ 

0,(3 „ 
9,8 

o.<; 

0.7 
0.0 

(icucral III •tut, 0.8 see. 
Tliere wore at aeveral plaoes slower vibrations, whose average 
T'» deduced from 4 snccessive series each of 20 to 90 vibrations, 
were as followes: — 

14.6 sec 
14,1 

15.2 
14.0 



** 
*t 
♦» 



Gcmrul mean, 14.0 wt*. 
At about 40^ after the eiul of the eartliqoake, that is to saj, 
at 8h 43m 20s» there appeared very slight movements which lasted 
Ih 24in. At fivHi tlie aven^ T was 7.8 sac, bat later on it was 
13.9 B«»c. Tliose vihnitions nro probably the sj^mo earthqiuiko move- 
ments propag)ited along the major arc of the earth. 



nil. ALASCA EARXMQVAKEH. 

46. Figs. 49, 50» atui 51, PL XXXVI give the earlier portions 
of the EW component diigraniH of the following three Alasca earth- 
quakes : — 
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Eqka Ko. SS. Sept. 4. 1800 ; 9h 31m SOb a.iii. 
„ No. 29. ,, 11, „ ; G 50 58 a.m. 

„ No. 30. Oct. 9, 1900; 9 37 14 p.m. 

Tbe diagnms of ITqkes Kcs. 28 and 29 (FigB. 49 and 50)* wen 
obtained from A iostniineiit, (whose pendidiim liad a free period d 
28 sec.)* Id fig. 49, iha record between q and x (not given in the 
fignre, which wns very large, wae exidently dne to the pro()er os- 
cillati( n.s of tlie steady mas-s. In fig. 50, the large vibrations between 
// aiid u are also probably due to u Kiinilnr caiise of the instnimeut- 
al movement. Bearing these points in mind, the two seismograms, 
(figs, 49 and 50) will be found to Ue much similar to each other. 

The diagram of Eqhe No. SO 61), whidi was giren by tlie 
C instrament (natural period, 62 sec), and which is nearly free from 
insframeutal errors, will he fonud also to be much stmilnr to the 
cither two seismogrnniK. The conestx)udii)g vibraliuiis iu the thiee 
figures are marked by the letters aUtl. . .xyza'b'. 

The lat diBplaoemeut, hc^ of the well defined vibration at tlie 
Gommenoement of the 2nd preliminary tremor was, in each case, di« 
rected toward E, that is to say, toward tlie origin, and tlie ooirater 
movement <^ toward W. 

The ftjllowing descriptions of the K\V component diagrams of the 
three earthquakes are taken Ii-om the Publications, No. 13. 

h'QKE A'O. 28. SEFT. 4, isoo. KW COMPONENT; 
(A) INSTRUMENT, (Fig. 4$.) 

47* The *' 1st preliminary tremor,'* whose duration was 7m 36B, 

consisted of vibrations with an average T of 7.9 sec. (max. 2rt-0.25 
mm), suptTiKJhed by still smaller oues with an average T o{ 3.5 sei-. 
(max. i;o = ().15 mm). There were also traces o£ slow vibrations with 
an averagA T of 18 sec The motion at the commencement was small, 
but distinct, the amplitude remaining on the whole constant. 

* Full (lingnini.s of the two eartlqonliM ou S«pt. 4 nod 11, ar« given ia tUe 

J'uhlUatiinis, Xu. 5. 
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The **2iid prelimtaiurf tremor** Listed ilm 47e aud begau with a 
moUoii of 0.46 mm toward W, followed by a well pronoattoed ribra* 

tion, wlioee T was 3-4 sec . ami wliicli eousisted of the following two 
dibplaceiuents : — '1st) 2.5 rain towaiil E, (2u(l) 4.1 mm towaitl W, 
Dnriiijj; the rest of this epoch the amplitude did not much vary and was 
^ghtl J smaller thau thai of the above introdactoiy wave, the aTetage 
T lieiDg 25.!2 aec. The chief ribrntioiis were mperposed by smaller 
ones of T= 7.9 sec. (max 2a =0.6 mm). 

The "principal |wtion" lasted 50m 33s. [1st plmso] : — Duratioa 
= 2in 35s. Tiie inutiuu l)egan witli two well defined slow vibijitioii."* 
of au avenige T of 34.5 see., the fii-st of which Imd a max. :ia of 5.6 
mm ; there being also traces of slow vibrations whose aTsrage T was 
Im 6s« [2nd phase]: — DnrattonsSm 483. The motion consisted of 7 
large Tibrations, which hud an arerage T of 32.6 see. ; the 2iid vibita< 
tion haTiii;^ tlw m'ax. f»b«.) 2a of 15.2 mm. [3itl pluise] Dara- 
tion = 4m 12s. The iiiotimi »iisistt'il < .f 1(1 vilnatious, u 1m >S6 average T 
wa.s 21 sec, and whose 1st vilnutiou hiu\ a max. 2a of 11.1mm; the 
last but one vibration being a 2nd maximnm (2a=5.7 mm). [4th 
pliaee]:— Duration = 5m 28s. The motion consisted of well defined 
vibrations with an averags Z*of lAShi (max. 2a=5.0 mm) ; there being 
5 nearly similnr ma\iraa» of whidi tlie 5th was the Inst bnt one vibra- 
tion of this epoch. [5th phase] : -DLii;ition=7m 20s. i h i motion was 
smaller and consisted of regular vibrations with an average T ol 13.8 
sec. (nm\. 2a = 3.0 mm); tJiere being 5 nearly similar maxima, of 
which the lust ocuanied at the end of this epoch. Daring the re- 
maining 26m 40s of the principal portion, the motion was again much 
smaller aud noitrly constant, tlio average 7*being 13.4 see. (max. 2asl.7 
mm) ; there hehtg nlso more or less distinct traces of vibrations with 
an avenige T of 25 sec. 

The "end portion." For the liret 2ha 20s, the vibrations was 
nearly ouustant in lunplitiule (max. 2a =0.7 mm), and had an average 
T of 20.6 sec, suiierposed by smaller ones with an average T of 9.7 
For the next 26m Os, tlie motion again remained nearly con- 
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stant (max. 2a^0,S& mm), ihe priudpat »T6i«ge T Leing 10.5 sec. 
Hereafter the motion letnite very uuifoim and had an avernge T of 
10.0 sec. (^tt=0.13mni). 

EQKEK0.29, i^EPT.lUim. EW COMPOEBKT ; 

(A) INSTRUMENT. (Fkj. 60.) 

48. Totnl duration =4 hxmt». 

The " 1st pieliiuninrv Ireinor," whose duration \\;is 7m 4'd», fou- 
sisted of aioall vibrations with an aveiage T of 4.3 sec, snperposeil 
by Ini'ger ones yfiih an aTeiage T of 9.3 sec. The motion wns nlraoat 
peiiecfcly uniform tbruughcnt this epoch, the max. 2a being 0.36 mm. 

The ** 2nd prelimiuaiy tremor/* whose dnration was 6m 30Bi be- 
gan with ft displacement of 2.0 mm toward £, followed hy a eounter 
motion of 3.1 mm ioward W ; the 2nd, 3rd and otli vibrations wei-e 
also large, and tlie two lutlt;r had a max. 2a of 3.4 nnn, the averagt^ 
2' being 25.3 sec. laming the i-est of this epoch, tlie motion was 
smailer (max. 2a=l.l mm) and had an aTeiage 1' of 23.5 sec TIievB 
were also small quick Tibrations (max. 2a=0.2Smm), whose avenge 
2* was 5.8 sec. 

Tlie "principal |>oi'lion" lasted 88m ISs. [Ist phase] :—Dnni- 
tioii = lm 29s. The motion consisted of 2 ueuilj equal slow vibra- 
tions with an average T of 44.5 sec, whose 2a w:is 2.3 mm. [2ud 
phase] : — ^Duiation^^S m 21s. The motion oomaisted of 6 large waves, 
of which the first 2 had an arerage T of 37 sec, and the following 
4 an average T of 32.6 sec, the 5th Tibrations haying the max. 2a 
of 10.5 mm. [3rd pliase] !Dniation=8m 488. Tlie motion consisted 
of n-^ulnr and nearly etjual quicker vibrations, whoso uvorago 7' was 
20.7 t>ec ; the 4th and the last vibrations having the max. 2a of 3.2 mm. 
[4th phase] : — Duration = 8m 42 s. The motion was again Hnialler, 
but nearly constant thioughont, and had an average T of 14.9 sec ; 
the 2 maximnm movements of 21 and 1.7 mm having taken place 
respectively Im 20s after the oommenoemect, and the end, of this 
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epoch, [5th phase]: — I>nraticm=7ni 43s. Tlie motion wns markcHlly 
smaller, bnt lu aily constant thronp^hout, and liad an average T of 
13,4 sec, ; there being a series of near)}' equal maximum iiK)vei)ieiits 
(2a =0.9 mm). [6th phoae]: — Daring the remaining 8m ds o£ the 
principal portion, the motion was again nearly nnifnrm, the principal 
arenigB T being 14.4 sec. (max. 2a =0.8 mm). 

The **eiid portion.** The mftx. 2a at tlie commencement of this 
portion wa.s (KGo mm, the geuorul avenigo baiug 9.8 see. 

EQKK NO. :HJ. OCT. 9, 1900.* EW COIilPONEST ; 
(A) AND (C) INSTliUMENTS, (Fig. ol.) 

49* Total danition=4 hoars. 

The ** let preliminaiy tremor** lasted 7m 22s, the ampUtade being 
greater daring the first 4m 39a than daring the remaining 2m 

4Jfe». The motion consisted essentially of slow vibrations with an 
avi;ra«^o 7' of 14.2 ,s<>o., who^e max. 2a of 0.54 mm (K cnrmd 2m 42s 
after the commeuoemeut. These were superposed by quicker vibrations 
with an ararago T of 3.7 aeo. (max. 2a =0.16 mm). Daring the first 
2m 4s, there were also rery small bnt perfectly distinct quick vibra^ 
tions with an avernga T of 1.5 sec. (max. 2a =0.04 mm). 

The **Sud preliminary tremor*' Insted 5m 5s, and began with a 
displacement of 0.7 ntm toward E, followed by a counter motion of 
1.43 mm toward W. The 'Ja'a of tlio 2ud and 3rd vibrations were 
l.I mm and 1.78 mm respectively, t^e average T being 19.6 sec. 
Dnring the remainder <A this epodi, the motion was smaller and 
consisted essentially of vibrations with an avexaga T of 24.8 sea, 
sui ( I posed throughont by quick vibiatKms with an average T of 7.8 
sec. (niav. 'Ja = i}.7~) mm). 

TIh^ " principal ijortion " lasted 30m 14.s. [1st and 2nd phases]: — 
Duration = 4m 5s. The motion beg^ with a very slow vibration, 
whose 2a was 1.48 mm and whose T was 44.7 Boc, anperposed by 
quick vibrations with an avenige T of 7.5 sec. Then there followed 

* The <le».uption refeni principnily to the dingiam obtuiDeti fiom the (D) instrumeztt. 
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the max. (abs.) gronp, oousisUog of 4 vibratioufi, whtoh together lasted 

Sm 28b and had an average Tot 35.7 sec; the vibrati. n 1 ivlng 
the mux. 'Jn of 4.3 ram. T)io following 2 vibratious were smaller 
{i'a = 0.8 luiii) and had an average T of 28.6 sec. [3rd phase]: — 
Duration =6ni 14a. The motion oonsisted of nenrly imiform vibiations 
with au average T of 21.4 eeo. the max. 2a of 1.5 mm ooonrring at the 
commeiiGement and tbe end o! thb phase. [4th phase.] Durations 
6m 40b. The motion was slightly smaller than \)elore, and liad an 
average T of 18.2 sec. ; the max. 'Ja of 1.43 inm liaviug occurred at 
tlie end of this pliase. [5tU phase,] : — During the remaining 13m lbs 
of the principal portion, the motion remained on the whole oanstant 
and consisted of vibrations wiHi an average T of 14.6 aec. (max. 2a= 
0.78 mm), mixed up with traces of slow movements of an average 
T of 25.0 sec. 

T1k3 "end portion." During the firs: .32m .iOs, the motion con- 
sistetl of vibratious witli au average T of 22.0' mc. (max. 2a=0.45 
mm)f superposed by others with an average T of O.G sec. (mas. 2a 
=0.3 mm). Thereafter the 'motion oonsisted of regular vibiatioos 
with an average T of 8.6 see. Farther on tlie average T was 9.5 sea. 



ZX CMNTUAL AMJSRICA EARTHQUAKES. 

50. PI. XXXVn gives tbe EW component diagrams of the 
following two QuatemaU eaiihqiuikes : — 

Eqke No. 31. April 19, 1U02; 11 h 38m 47a a.m. 
„ No. 32. S^pt. 23, ; 5 38 8 a.m. 
It will be observed that the two seismograms are much similar 
to each other. Some of the vibrations identified in the two earth- 

tjunkes are marked by the letters a, 6, c> to, z, y; the similarity 

being |)articularly i)^^^®^*^ oases of the movements in the eaiUear 
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portions ol the prmoipal portion, naroolj, these marked g. A, . . . 

The two aeismograniH are also in mniiT respects similar to those of 
the Cnmam eBrthqnake of Oct. 29, 1000, giTen in Tls. XII and XIII 
of the' PuttlcationSf No. 6. The foUowiDg descriptitm €4 tiie dii^ram 
of the earthquake of AprQ 19, 1902* is taken fxom the PvltHcaUona 
Ko. 13. 

EQKE NO, 31, AFRIL 19, 1902, EW COMPONENT ; 

(A) INSTRUMENT. (Fig. 62.) 

SL Total daxation=2^ hoan. 

The " 1st preliminaiy tremor " hiated 15m 40b. During the fint 
4m 356, the motion was small and oonsisted of vibrations with an 

average T of about 9.2 sec. During the next 6ra 32s, tho motion 
cousistod of Inrf^er vibration witli an average T of soi-. (max. 2a 
=0.28 mm), suiiorposofl by ill defined ti-aces of slow movements with 
an avexage T oi about 16.3 see. During the xemaiuiug 4m 22s, the 
motion was again mnoh lavger (max. 2a =0«65 mm) and had an average 
T of abont 13.1 see. ; there being some traces of slow vibmtions with 
an ATerage T of 40.3 sec. (max. 2a =0.81 mm). 

Tlio " *2iul pieh'ininary troiiioi " lasted 14m l<'s. Dining the fii'st 
4m 10s, the moticjn was small and consisted of vibrations witli an 
average T of 8.6 sec. (max. 2a = 0.88 nun), superposed bj 8k>w vibra- 
tions with an average T of about 27.8 sec. Dmring tlie romaining 
10m 30s of this epoch, the vibrations had an average Tot 28.3 sec; 
the two mas. 2a*s of 1.2 mm and 1.0 mm having occurred respectivelT 
4m 10s and 8m 35a after the commencement of the 2nd i)reliniiiiary 
tremor. There were also small vibrations whose average T was about 
8.5 sec. 

Tli9 principal portion." [1st phase] Duration = 7m 4s. The 
motion began with 6 well defined and nearly equal vibrations (max. 
2a =0.7 mm) of an average T d 38.7 sec, superposed by traces of 
small vibrations of an average T of 7.3 sec. During the ue.\t 3m 
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l*2s, ihd luotion was small (max. 2a s& 0.25 mm) and tlie averoge T 

wjus ngaiu 3S.7 sec. ["2nd phase]: — Duiatiou — 4m 13s. For the first 
2m 13s, the motion waa larger (max. 2a =0.94 nnu), the average T 
boing 33.3 sec. Then followed 4 well dofiued vibrations which togetlier 
lasted 2m Os and had an ayerage T of 26.7 sec ; the 2nd and 4ih 
waves had each a max. 2a of 2.8 mm, while the Ist and 3id ones had 
respectively 2d'» of 1.4 and 2.0 mm. [3rd and sahsequent phases.^ : — 
During tlie first 3in 51s, the motion consisted of vibrations with an 
average 7' of 20.1 sec. ; the liist and tha hist Imt two vil>ra.tioiii4 hav- 
ing respectively- tlie max. -as of 0.03 mm and 0.5 mm. For the next 
Om 433» the motion oonsisted easeatiAll j of vibrations with an average 
T of 34.3 see., of which tlie max. 2a of 0.63 mm occmred 7m 45s 
after the oomnieucement of this epooh. During the next 17m 68s, 
the average T was 21.6 sec, the max. 2a being 0.44 mm. Again, 
during the next 9m 'i^s, the principal averagti 7' \\;is 18,7 sec, iJie 
iiuuL. 2a being 0.31 mm. Then tha m>>tiou became again somewhat 
active and there appeared, during the next 13m Os, slow vibrations 
whose aven^ T was 28.4 sec. (max. 2a =0.81 mm), mixed with move- 
ments with an average T of 18.4 sec. This group, which occurred at 
Ih Ini 36s p.m., or Ih 22m 49s after tlie commencement of the earth- 
«[imko probably indicates the same seismic disturbance ])ropagated 
along tlie other path round the earth. Thereafter the motion became 
gradually smadl und regular, the average T being 21.3 .sec 

EQKJ'J NO. JJ. SEPT. 'J3, 1002. EW COMPONENT; 
(A) 1N8THUMENT. (Fig, o3.) 

52. Total duration = 3 hom-s. 

The " 1st pi-elimiuary tremor " laste:! Uin 46.-*. Dining tlie 
tinit 5m Itis. tbo mnnon was small. Daring tiio next 6m 49.s, the 
motion consisted of l&t^ and roguiai' vibrations (max. 2a =0.1 mm) 
of 2r=7.0 sec, mixed up with two series of small movements whoso 
T» wore respectively 4.3 and 11.6 sec Dming the remainmg 3m 
45a, the motion was slightly larger (max. 2a =0.35 mm) and had an 
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average T of 14.1 see., tfaeEe being also some snperpoaed small 

Tibrations, 

The "2n(l preliminary ti-emor" lastoil li>iu 44s. Diiriug tlio tirst 
5ni 2(1-^, tlie motion was small (max. i^i = 0.4 ram) and had au average 
T <d 11.4 sec. ; tbere beiog also two aeries ol small Tibxatioiis wbose 
average T*9 were 8.9 and 30.4 sec. respectively. Then &ere appeared 
a prominent single slow vibration of !3r=39.3 sec., whose 2a was 0.88 
mm. A 2nd conspionons vibration of jr=24.0 sec, whose 2a was 0.35 
mm, o<n wi red 10m ii'is ulter the < oiaiii3ncement of the 2nd preliraiuary 
tremor, the motion in the interval between these two maxima consist- 
ing of small quick vibrations, llie remaining part of this epoch 
consisted of slow vibrations of T=30.7 sec, snperposed by those of 
r=7.7 sec. 

The "principal iKirtion." [Ist phase] : — ^Dnratton=6m Sis. The 
motion hegftu witli ;i slow vibrutiou uf 7'=:43.5 sec., whose iVt was 
0.23 nnn. This was followed by another vil)ratiou whoso T and '2a 
were 35.5 sec. and 0.;3 mm respectively. For the next 4m oGs, the 
motion was small, the average T being 37 sec. [2nd phase]. For 
the first 4m 22s, the motion was composed of 8 prominent vibrations : 
the 1st 5, which lasted 3m Os, had an average T of 86 sec., while 
the remaining 3, which formed the most active part of the eathqtiake, 
had .in avemge 7'oi 2<).o sec; the max. 2a's of these two {groups of 
vibration being 0.75 and 2.95 mm rf^<?p«^ctivoly. Thereafter th© motion 
was smaller, and tlie average T, dodaced from 3 soooeasive series 
each of 40 vibrations, were 20.9, 19.4, and 19.8 sec. respectively; there 
being some occasional maximum movements, as it (2a = 0.70mm), v 
{2a =0.45 mm), w, x, and y. 

The EW coniiKiuout diagram obtained trom the (C) instrument is 
givou in the ruUUxUmis, "So. 16. 
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X ASIA MINOR ANI> BALKAN EARTHQUAKES. 

58. PI- XXX^UI ghes the EW comixjnent diagrams of the 
Asia Mijior and Balkan onitliqunkes, whose dates aud times of occur- 
reiicd (at Tokyo) were as foliowes: — 

£qko Na 33. Sept. 20, 1899; llh 278 ajd. 
„ No. 34. April 4, 1904 ; 7 38 14 p.m. 
The origiDS of thsBe two earthqnakeB weie in the vicinity of each 
other, their distances from Tohyo being ootuseqnentlj nera-lj equnl. 

Tlie two diagrams are similar in m.inv respects, the coii'espoud- 
iug vibrations being indicated bj the same letters. 

EQKE A'O. .?.7. SEPT. 20, 1899. EW COMPOJS'ENT ; 
(A) INSTR UAIENT, (Fig. 64.) 

fS/L Total dturationslh 46m. 

The *• 1st preliminary tremor," whose duration was 10m 19s, 
consisted of small vibnitions with an average T of 6.0 sec. (max. 2a = 
0.06 mm; ; superpoeed more or less distinotljr by slower waves of T= 
8.7 sec. 

TIiB '*2nd preliminarj tremor** lasted 12m Os and consisted of 
regular Tibrations of 2'=10.68iks. (max. 2a=0.1mm), superposed hj 
some minute vibrations. 

The "principal [H^itiou.'' [Ist and 'Jiul ])ha.ses] : —Duration = 12m 
Os. For the first the motion consisted ui' small vibrations 

(max. 2a = 0.1 mm) with an average T of about 13.4 sec., superposed 
by some ill defined slow vibrations. For the nest 4m 50s, the mo- 
tion was more active aud consisted of 7 neaiiy equal slow vibrations 
with an average T of 41 .4 sec. (max. 2a=0.12mm), suj)erposed by 
smaller vibrations of 10.8 sec. During tlio next Uia fls, the mo- 
tion consisted of 6A well defined uniform vibrations with an average 
T of 29.0 sec. (max. 2<'( = 0.19 mm), snperposed by some slight vibra* 
tious of 11.1 sec. [3rd phase] Duration slim 4os. The motion 
consisted, during tlie first 7m ISs, of vibrations with an average T 
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of 24.3 8<H*. (max. 2a = 0.45 mm), followed by a single lar^a vibfAtion 
(abn. max.) ui" — O.'J mm and of 7'^lG.7s(>c. ; the iiiovomeut (binnf? 
ilu3 remaiuiDg 4m l(3s of this epoch haviug an nvorago T of 18.3 sec. 
superposed by smaUer vibr&tions. [4Ui phase.] : — ^Daring the xemaming 
Sm 28s ol tLe prinoipal portiop, the motion was miioh smaller and 
netirly omatADt, the sTemge T being 18.4 sea (mas. 2a =0.2 mm). 

Tlie end portion." TJie motion con«sted of small rogoLKr vibrfr> 
tious, whose avtuage ^va3 13.9 SdC (max. 2a=0.0o mm;. 

EQKE NO. :{4. APltlL 7, 1904. EW COMPONENT ; 
(A) INSTRUMENT, (Fig, 65.) 

56. There were two earthquakes, whose tEmes ol ooonrrenoa (at 
Tokyo) w«re vespeetively 7h 15m 16b and 7h 38m 14s p.m. ; the mo- 
tion before the commencement of the 2nd earthquake being very 
Hmall. 

The following description i-efei-s chiefly to the CW component 
diagram obtained from the (C^) instrument 

lat JEarthquake* 

The **l8t pieliminaxy tremor," which lasted llm 15 s, consisted 
of vibrations (max. 2a =0.02 mm) with an average T of 5.1 sec., mix- 
ed up with slip:ht puUalori/ usi ilhtions. 

Tlie " 2ud preliminary tremor " was larger at its commencement 
than at the end. The averse T was 7.7 sec. 

2nd X!mtha*Mkem 

The **lst preliminary tremor" lasted 10m 248. The motion was 
much greater in the first Imlf (max. 2a =0.038 mm) than in the second 
Jmlf of this epucli. Thu ;l\ I'luj^o T was 5.9 see. 

Tlie "2nd preliiuiaaiy ticuiar ' lasfcftd about 12 ra Os. The mo- 
tion tioOHisted essentially of the following 3 kinds of vibrations: — 

(i) Average 2'= 17.1 sec., max. 2a =0.17 mm; 

(ii) ,. =10.4 . „ =0.12 „ ; 
(iu) „ = 7.3 „ , „ =0.06 „ . 

The "inincipal portion." [1st and 2ud phases]: — Daration=10m 
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25s. For tlie fiist 6in 36s, tlie motion oonsfeted of 4 slow TibiatiooBt 
wliose srerage T was 54.0 sec. For the next 3m Ob» ibem were 5 

vihiatious of T - l)G sec. Tlie reinainiug Ini 493 was made u}) of 4 
vibratious with au average T of 27.3 sei-., the last 2 having the 
max. 2a of 0.14 mm. Throngliont this epoch there were superpositioiig 
of small Tibrations whose average T were 9.6 to 12.9 sec. [3rd phase] : — 
DQrati<m=9m 58. For the first Im 13s, the motion was small. For 
the nest Im 268, the motion was most aotive and consisted of 5 x«- 
Riilar vibratious with an average T oi 17. G sec. ; the last vibration 
having tlie max. 2a of 0.74 mm. For the next 15s, the motion 
was small (max. — 0.28 mm), the avemge T being 14.0 soc. For 
tlie next 2m 29s, the motion, which luid an aywago T of 15.7 see., 
was again largor, the lost vibration having the mas. 2a of 0.74 mm. 
For the remaining 40 sec., the moticm was smalL [4th and snb- 
seqnent phases] :— The predominating vibrations had an average T of 
11.1 sec, these being tii^ieriwsed hy slower ones of T= about VJ 
Bee. 

In the "end portion," vibrations of 2^^8.3 sec. were snperposed 
hy tlu»e of 7= 17.8 sec. 
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Summary of Results. 



66. The intsi'tllaiieuus remarks fjiven belo^v uw based princijiiil- 
h oil the seismcgmms descril>e(l in tlie preceding pagp», as well as- 
m the diagrams of tbe following fux earibqaakoii 

Eqko No. 1'. June 7, 1904; r»h lOra :}is p.m. 

„ No. 2 . Mftidi 7, 1890 : f> ",5 29 a.m. 

„ No. :r. Jan. 0. 1900; 4 G 24 a.m. 

„ Na 4\ Aag. 22, 19()2; 0 9 33 p.ni. 

„ No. 5'. Jan. 20, 1900 ; 3 52 39 p.iii. 

„ Ko. 6'. Od. 29, 1900; 6 29 22 p.m. 

F.»|kt X ' 1 originated off tlie north-eastern const of the Mnia 
Island. Ita £VV oomponent diagram together with a description have 
alreodj heen given in this Tolnme, pp. 1 — 3. 

Eqke No. 2' was a laige distarbance which originated off llie 
enstern coast of the Kii peninsula. In Osaka and tlie two prorinoes of 
Yamato and Kii (tniHidemhh^ damage >v;i.s prodnctnl. TIm^ EW c<>ra- 
pniont dingmni of this eaiihquiike is given in tlie Publiaiticm't, No. 5. 
Tlie detfirmiDation of Uie epicentre is treated of in the FuUlcatiowit 
No. 13, p. {)2. 

EqkeH Kns. 3' and 5* had their origins respeciiTelj in Sumatra 
and Mexico. Eqkes Nos. 4' and C were the great Tnrkestan and 

Car:i<';i.s disturbances, whose K\V coiinx>ueut diagrams are given in tho 
Ptil^'uotions, NoH. 13 and 5 it's^Mt ti\ely. 

The soisinogmpln'c analvsis of tlic 4 distant earthquakes, Nos. 3' 
to is given in the FuUications, No. 13. 



Digrtized by Google 



6S F. OMOBI: HORZZONTIL PENDULUM ODSKBVATtOXS 

Xr. J^IMBCTION OJP MOTlOy. 

67. BarVtquakts of GiH^ttp (i , 

In the EW coinponont diagrams of tlio difterent Tokyu local 
earthquakes, (§ b), tlie prelimiuary tremor was abniptly followed by 
the maximum vibratiou, whose T varied between 2.1 and 3*5 see, giving 
■an aveiage value of 2.9 sec. The lak and 2nd dtsplaoements of the 
maximum vibration were always directed respectively towards the east 
and toward tin? west ; the oi-in:iu of disturbance being situated in each 
<ase, so far us the EW dirccliuii is concerned, to the east of tho 
l)lace uf obeenraUou (Tokyo). Tlie 2iul displauemeiit or the niaxinmni 
range of motion, was on the average 1.3 times greater than the 1st 
(lisplacemail^, wliich is to be regarded as the aemi-i'ange or single 
iimplitnde. 

58. JRnt*thquakes of Gittups ( ii ) to ( ix ). 

I'rom the uniformity of the cliaructer of motion in the Tokyo 
Ux-al slHKjks (§ 57), we may suppose tiiat the dilution at a given 
station of tiie Ist dtspiaoement uf tlie maximum vibration, or of the 
decided displacement at the commencement of the *<lst preliminiiry 
ttemor/* the **3ud preliminary tremor,*' or the "piiucipal portion," 
roost lie directed, in the cases of ^rong cnrtliqnakes originating at a 
given district, always towaitl, or ahvnys away from, the centre of dis- 
t.irlmace; provided the cauises of tlie different earthquakes be similar 
to one another. I shall provisionally denote these two kinds of earth- 
quakes vesiiectLvely as " 1st type earthquake '* and 2nd type earth- 
f]uake." 

50. M Type Earthquakes, 

In tlie majority of the earthquakes examined in the pitjoetling 
pHj^es, tlic 1st well pronouiice<I displacement (single amplitude, a) 
\\;us, so far as the EW couipoaent is concerned, directed towai-d tlie 
origin; and the omnter or greater displacement (double amplitude, 2a) 
Hlireoted away from the latter; as shown in the billowing table, in 



1 
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^hieh the UiHeioiit earthquakes are dividod into two }{i-ou{» A ftiid 
B, according ns the arigins irere in a westerly direction or an eaaterly 
direction, from Tokyo. 

TABLE L 

DIRECTION OF MOTION. {EW Comfjonent.) 
l»t TYPC: £ARTUQVAK£S. 



Eartliqiuk*. 


Uov«nMkt at tiM ConmeiioaaMi 




Ko. 




]at PmL Tnmor. 







[A] 



8. 



V. 



22. 



25. 



2fi. 



27. 



Echlgo. 



Eebigo. 



KU. 



mm. 

(Istdiapl. a = 0-2: W. 

jitnd . Aiati'?; £. 

>8fd H ita-lit; W. 



f ktdispl. a =0-34; W. 
\2Dd ,. jga=0 6&; E. 



24. UHliiua. 



Ceram. 



Now 



mm. 



2n.l 



3k1 ^ «a«01; W. 
(Pointer vwnt oiif» 
V toward E.) 



i(l«t ai8pK« = 2-5; W. 
!]2nd », 2« = 5-2: E. 



I Ifit diHpl. a=:4 5; W. 
|2iid ., 5a = 6-7; E. 
(3rd 2as07i W. 



(M i]i8iil.a»2'9; W. 
{ted „ 3i = «-4; E. 
»3id „ i-wsGa. W. 



flBtdbpl. a»2^; W. 
[ted n ai-9*3; E. 



(MdiKpl. dsS-O; W. 



(Istdispl. fl=O.C; W. 
liind „ 2a = l3S>', E- 
(Sid « At^ltt; W. 



J let displ. ./^3 3; W. 
ij2od „ i?<i = 5-4; E, 



l8t di.pl. ai=1-5; W. 
2nd ,. l?a = 2.a; E. 
Sid ^»S-4; 
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TABIiE I 


{Continued.) 




Eartliquake. 


Muvemout at tlio Commenoes&ieQt of the 

» 


No. 




let I¥eL Ttemor. 


2od FMl. Ttemor. 








[B] 






Off the N. 

E. Coast of 
Maio 
InlAticL 






mm. 

( Int di»!i>I. »( =0 6; K. 
{2d.1 .. -'(i=-2-75; W. 
'Std „ ^»=2-75; E. 


28. 


AlaMiu 




mm. 

, Ist tlUpl. '1=2-5 ; E. 
.•2Di\ „ e-i=41: W. 
'anl iJ« = 33; E. 




29. 


Alaacii. 




(Iiittliepl. 4=2'0; E. 
■2nd „ 2a = 31 ; W. 
'3rd „ i'a = l-8; E. 




30. 






' mm. 
fUtdisyl. '1=0-6; W. 





Thus in the eitrtlM|iiakeB of OIhhs A, or those ol Groups (ii), 

(v), au<l (vi), tlm 1st decided displace nient wfts always directed towards 
ho Avest; while in the earthfiuakos uf Clans B, or those nl iiioups 
( i ) and (vii), it was dii-octod towardd the tJast. iu the earthcjimkes of 
Groups (viii) and (ix), the inotiou was not so lar^ as lu tlie above* 
roontioned groups^ and the vibration at the oommenonnmt ol each 
phase was not sufficiently well defined so as to enable us to distingoish 
l)otwr>en the 1st displacement (a) and the 2ud displaoement {2a). 
60. '^ttff Type Knrtluinake}*. 

Th»' fallowing table gives examples of tliose eiiitln|iiakes iu which 
tlte Int decided diH{^a<»m6nt was diveoted away from, the origin of 
flistnrbanoe ; tlie division into A' and B' ohhases being iu the same 
tceiise itiHiicctively as A and B chitcses in Table I. 
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T.U3LE II. DIUEOTION OF MOTION. {KW Compomnt.) 
2ihI vwk i:aim HCM'AKKS. 



£arlhqvwke. 


3Iovcmeat at Um Commencemeut ol th<< 




Origiii. 




2sd FteL Tnmor. | 


Piina I\i>ti(iD. 












9. 


Iza. 


1 


1 

mm 1 
;ist«liKpJ. 4^0.16; E. 


mm 

litdispl, a = ij) ; £. 


10, 


leu. 




ImI^ iHai^l <i — i 7^ • V 
Inl timpi. ff i O f tt, 

2Drt „ Ja^l.Ob; W. 
. :in\ .. 2'i - 1.22; K. 

(Poioter wdot oJZ, ti)> 
^ mlW.) 










11. 


Uff the 

N.E. 
cjoat of 
Miiin 

JrImkI. 


mm 

(Mdwyl. a = 12; W. 
jvind „ fVtslJ; E. 








• 

1 






|l«ttdi«pl. asU. ) ; W. 
ianil „ 2asl:i; £. 
'Sid .. 2» = 1.4;W. 


r 


1 


flHf.lirti.I. -(=:0.37; W. 
Und „ i''t = 0.57; E. 




Intel i«i>|. .i = l.2; W. 
2ml ., i'a = 3.2; E. 
3nl ,. iV« = 3.4;W. 



'iliim ill Uio oartliquakes of A' cLiss, tli« 1st decided displaod- 
in(»ut vma directed towiml the east, while in thoHe of B' clam it was 
directed tcnranl Uie west. The mimei'oas fore and after fthockft of the 
great Iza disturbance, Eqice No. 9, (Ghroup had aim tlie Miune 
chanioter: the Int displacement in the ** principal i>ortion of tiie 
KW eomjx)iu'ut luotiuii l>eing iu each ca-st; diit*cttxl towunl the east. 
(Sfe the FuUicutionfi, No. 13, p. 77.) Tlie eartlujuakes of (tioup (iv) 
Lieloiu^ imitly to tlio Int tyjK? and i)artly to tlio 2nd ty^ie. 

61. CoinpaHson of tiie nfteeeiwlve lUspkteeinentH, The 
folloWiug table gives, for the earthquakes of Granps (ii) to (ix), tlie 
nuige, or mi^itude, of tlie 1st, 2iid, and 3nl displacements^ which 
occnrrod at tlie comiueuoemeut of the preliminary h'onior or tlie prin- 
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cifial poitiou ; only ihoae cases faaTing hmx taike& m whidi tlie dis* 
well defined and leagfi than 1 mm. 



TABLE III let, 2iid, and 3id Bbplaoements. 



EqteKo. 




lut ilispl. 
(") 


2Dd displ. 


3nd displ. 

{2a) 


Ilalio: 

'2nd (lispl. 

1 iHt (liHpl. 


Batio: 

3rd displ. 
IstdiapL 






mm 




mm 






7. 


Fkioc* Portfoo. 


2.75 


4.95 


6.1 


1.8 


9.2 


9. 


»• 


2.5 


5.2 




2.1 


2.3 


8.* 


M 


2.4 


a.o 




1.3 




».* 


M 


2.4 


2.8 


— fl 1.2 




. la 




1 4.TS 


10.5 


19.8 


9.2 


tit 


11. 


iBt Pre". Trf mor. 


1.2 


1.7 




1.4 






flBfc PreL Tremor. 


0.37 


0.57 




l..') 




1'. . . . 


tl*rinc. rortion. 


1.2 


3.2 




2.7 




22. 


Fzinc. FortioB. 


2.2 


6.4 




2.9 


au 


84. 


w 


2.(5 


3.3 




13 




25. 




1 SjO 


3.24 




1.1 




2G. 




1 8J 


M 


5.0 


l.G 


1.5 


27. 




1.5 


2,9 


2.4 


1.9 


l.G 


S& 


2a(l Prel. Tremor. 


2.5 


4.1 


3.3 


1.6 


1.3 


S9. 




9.0 


3.1 


1.8 


1.6 


09 




Jfecm. 








1.8 


1.9 



Tlius the 2nd and 3xd displaoetnents wero very nearly eqnal to 
twice the lat displaoement, the hTeatga yalnes of the latioB of the 2nd 
to the let and of the 3id to the Ist being lespeotiTely 1.8 and 1.9. 
The Snd and 3xd displaoementB axe to be regarded as practically 

equivalent to one anotlier. (For ilic cose of the Tokyo local shocks 
tlie reader is referred to § 6.) 

MACRO-SEISMIC MO VEMENTS. 

€3, For the sake of refsvenoe I give here the direction obserra- 
tions at Tokyo relating to the three scTere earthquakes experienced 

at the Ifttter, as well a« some obser\atioiis made ivi the ISIiyako 
Meteorological Observatory. The measurements iu these cases wtre 



* TUesc two caseB refer to tbe N3 compoacut diagrams, nil the rest reterring to 
tiM BW ones. 
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maac by a *• strong motion aeismograpk," or au oi-diuaiy macro-seiaiiio- 
grapli of £wiDg or 6ny>Milue type. 

68. JBarthqw$k& Meaauretnents in Tokvo.* 
{A) Earthquake of Oct. 15, 1884; 4h aim 54« M.ni. (Hitotsu- 
bftslu). This was s sovew eaitliqiiAke wliich oauaed some sUglife 
damage m Tokyo. 'Ilie oii}<iii was at a distance of alxittt 200 km to 
the S6()^K of Tokyo, iiamely, at lat. 35^ N, and lomj. \4X^ B. 
The pi-eliiniuaiy tremor wjis suddenly followed by a large vibratiou 
•of T=:2.0 sec, wk»e 2 displaceiiienta wore as follows:— 

1st displ a=al3 mm, Diiectiou SUO°E ; 

«Jiid „ i>o=:42mm, N60*»W. 

(») Earthquake of Jan. 16, 1887; 6h 52m Os p.m. (Hitotsabashi). 
Tliis Nv.us jvlso QUO of the sevei-est earthquakes felt in Tokyo in recent 
yeare; the centre of the epi-f'H'rtl rei^i 'ii beinu' ut al>out 55 km to 
.S60='W from the place of observation. The 1st displacement of the 
principal portion was 27 mm and directed toward S 75^ W. Tli© 
. average T was 0.97 sec. 

{G) Eai-thqnttke of June 20, 1804; 2h 4m H> p.m. (Hougo.) 
This waa the most violent earthquake that shook Tokyo since the 
well known great cabistrophe dI" tlio 2nd year of Ansei (1855). The 
ineizoseismal tmct, or epifocus, was ii zone which extended in nearly 
NS direction from the vieiuity of the town of Iwatsuki to tlie eastern 
part of Tokyo. The maximum vibration, which occurred immediately 
after the preliminary tramor, had a 7 of 1-8 roc., its i displacements 

.being an follows. 

Ist displ a=37 mm. Direction N85**E ; 

'2ml „ 2a = 73 „ , Direction S 70° W. 

64. Jtla filial ii.€ike Jfeasn rem ruts ut MiyakoA 

{!)) Eartluinake of Jnne 17, 1896; Oh 4(>m 25s p.m. Intensity 

* ttee F. Omon : Vmexo^aeiiamio mcMnremeDU ui Tukjo^ JII. The FiMletdUma, 
Ko. IL 

t See F. Onio'i ftuit K. Uirntn: Earthquake meftsnremont at Mivako. The Jour. 
Sci. Coll. Imp. Univ. Tokyo, vol. XI, pp. 161—105. The three earlh<i\iuke8 here nutetl 
are Uioiie whose tlirect^on dliiaTBtbw made aiUkfoatatil7'« 
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''Blight** Tlie origm of tiie eftrtliqnake wos about 170 km to EXE 
of Miyako. Tlie nuixiiiiimi Tihratioii, whose T was 1.7 sec., and 

wliicli occniTcd at tlie Ipf^iuuiiig of the priucipal poiiiou, cousistetl of 
tlifc ^oUo^viu;^ .1 displacements: — 

lat dtspl tt=2.9 mm, Directkni £26°N; 

2ud i'a=4.1 mm, IKteetion W26^S. 

{E) E;>itIi<|nako of Aiij^. 31, 1896; 4h 42in los p.iu. Intensiity, 
"strong." Iliis oartLquiike wns strongly felt in the two ])H)vinco5 of 
Ugo and Rikuclm and was one oi the forelocks of the destructive 
earthquake, wJiich took place on tlie same day at 61i 9m 65b p.m. 
The epicentre was at a diatnnoe of abont 100 km to S 80^ W fiom 
Mi3-ako. The 2 displacements of tlie vibraiioii at the commencement 



of the priucipal iwrtiou wore as follows: — 

Ist displ 0=5.1 mill, Dii-ectiou NTO'^W; 

2nd , i'a=:7.5 mm. Diieotion S83°E. 

Tlie nest Tibratiou, wlitch wns the masimum motion, was com- 
posed of the following 2 displacements: — 

1st di»pl 0=^9.0 mm. Direction S79^W; 

2nd „ 20=9.0 mm, Dtiection N79''£. 



The arerage T of these vibrations was 1.0 sec. 

(/-') Ijirthquake i-eb. 7, 1897; 4h 35m 30s p.m. The cnrth- 
<iuake consisted of 2 shocks with a time interviU between them of 
about 1 minute, the intensity of the 1st shock being "weak" and 
that of the 2nd being "strong/* The epicentre, or the central point 
of the melzoseismal area, was at a distance of abont 130 km to 
S 60^ W of Miyako. The first two displacements at the commenoemeut 
of the principal portion were as follows: — 

1st displ a= 5.5 mm, Direction SW; 

2nd i>a = 17.0 mm, Direction N56°E. 

The next displacement, which was the maximum motion, was a»- 
follows: — 

2a =28.0 mm, IKiection S eiTi* W. 
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n» From tbe two pfreoeding §§. it will be fseon that in the 
cjvses of the G earthquakes obaen'ed at Tokyo and Mi\ak(> tlie Ist 
decided macro-^immc displacement was always directed exactly, or 
appraximately, toward the origin of disttirbance ; these earthqiiakes 
beJoDg. thevefoan, to what has been termed the *' let type " dietorbanea 
(§ 5B.y A oompoiiBoii of tiie Ist and find dSsplaoemeiite is given 
in the foUowing table. 



TABLE IV. let and 2nd DISPLAOEMENTa 

[Macro-seismic Motiou.] 



Eqke. 


Ist displacement, 
(a) 


2nd displacement. 


Batio: 


A 


m.O mm. 


42.0 mm. 


3.2 


B 


27.0 






C 


37.0 


73.0 


2.0 


D 


2.» 


4.1 


1.4 


E 


5.1 


7.5 


1.5 


F 


5.5 


17.0 


3.1 


Mean. 









The 2nd displacement was tiius, in these cases, twice ju4 large as 
the 1st. 

66. The division of earthquakes into the '* Ist type " and the 
*''3i]d type '* onee, or those leapeotively of tlie let iiMowid wsMaik and 
of the 1st €nA\oafd motion (§ 58), is doe probably to the difforence in 
the natore of the sabterranean distnrbances whieh cause the earthquakes. 

An earthquake of the " 1st ty|ie," which seem to happen very 
often, may be produced, for instance, hy the sndden collapsing of a 
subterranean cavity. Hint [lie 2nd motion will be greater tlian the Ist 
can easily be nndezstood, as the earth partiole is diaplaoed to an ap- 
proximately equal distance on the opposite side of the cwjginal position 
of pqnilibrinm. The sodden emshing down of a horiaontal stratam, 
or a depreasion may also produce an ^rthqaake of Ihe same type. 
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On tlie oilier liaud an eartliqnake of tlie 3nd type mftj be produeod 
for initance, by a sodden splittiug ashnoder, or widening, of a vertical 

cavity in the earth's crast, dne to tlie expansive jujtiou ut the steam 
or gases. lu this connection it is iiit<'iostinpr to rem irk tlmt tho 
earthquakes of Qronp (I'li), or those which originated o& the aoutheru 
coast of the Leu Peuinsola, all bel<Miged io the 2nd typa " ; these 
shocks liaving proliably a eonnecUon with the gteat volcanic chain 
of the tza Islands. 

It may bo ht re noteil tliat th ^ 1st (lis[)l;u-flnieut beconias smiller 
and finally^ disikpp^ats with the iiicioaae of tlie epiceutrai distance. X 
have tliei^fore condnod myself in tlie preceding discossions to those 
caaeH in which tlie vibrations were large and distinctly sliowu, 

MINJ^ EXPLOSION, 

67. i'Or iho sake of refeninco, lot iia consider tha vilmitiotis nf 
tlie ground caused by a mine oxpl.xioa. The first m>tion of an 
earth particle may ba inward or outward according to the depth of 
the mine and tlie distance of the plao3 of observation from the 
latter. 

( 1 ) If the exploAtou takes place at the ground snrfaoe itself, 
the initial motion would ha directed an-ay from the origin. The 2nd 
or counter motion, direotful towards the origin, would be, in the vicinity 
of tlie latter the gnvitest displaet^nont. At a great distance^ the 
motion woald gradually reach tlie maximnm, there being no single 
prominent vibration. 

(2) Suppose the origin of explosion to be at some depth below 
the surface. Let neb (fig. o6) bo tiu ground surface, c the origin of 
explosion, the epicentre, an h the observing place. Now the effect 
of the explosion is to assert a sudden pressure on all sides. Bat, 
owing to the least amount of the resistance in the direction of the 
epicentre, the mastmnm projective effect is natondly produced at the 
latter; the surface layer being, in c^neequence, first thrown into a 
curve form such as a€' 6. At b, therefore, the earth particle would be 
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Fig. 56. 



Normal Vibration caused by a Mine Explosion. 



Time : 1 tick liit«rvftUa89 mc. ra^. 



f% 57. 
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ftttddouly movetl first towiurd tlie origin ; ilie 2ndl and grcatost diBpltire- 
meut beinfx diroctod outwaixla. 

Witli an iiK icasf in the distaiuf, larj^e viluatiuiis do iit>t < iviir 
at the comiuenoeineut, th« maximum l>eiiig pi'obnbly pixxliucd by tlid 
accumulation of motion. In snok a case tLe amall tuitial inward moTP- 
roent would not be shown, the Ifit di»placement being in causequence 
directed outwards. 

Tn 1899, t!>e prp«ent author, in coujnnctiou with Di'. A. Imamum 
of tl)p Peihiiu)logicul Instituto, made nt Akabaiu*. u suburb of Tokyt*. 
several moasui-ements of th«^ %il)nition of lli© gwuiid canspd by tlio 
esploeions o£ different quantities of gunix)wder, gmicotton, and dy- 
namite. Figs. 57 and 68 (PI. XXXIX.), which relate to one of these 
esperimeuts, fdiow the XKmnal component TibmtiouH obtained at di.<i- 
tancps of 25.7 and 45.7 metres tesiiectively from the epicentw ; tlie cause 
( f disturbance bi in^ 75 kilogmramos of i^uuixAvdor, oxploilod in a 
sandy soil at a deptli of about o ni*'ti* s. It will be soen that, in 
fig. 67, the Ist decided disi)lacement was direcl«>d towanl tlie origin, 
the nest one being the maximum. (In tig. 67, the end pait of the dia> 
gram ia slightly disturbed by tlie proiier OBciUatioiiA of the horizontnl 
pendulum, with which the measmiemeut waa made. These, lioiK'erer, 
can on account of the slowTiess of peiiod be easilr distinguished from 
th© real moti< n of the gu>iuid. Tlie maxinuuu vibmtiuu was 12.4 mm, 
its jK'riod b('t::[j 0.25 sec. ~i* 

68* ^'he considerations in § 67, (2), may be applied to an earth- 
quake which is caused by a Tolcaoic explosion, or by a sudden widen- 
iug gI a lioii}!ontal fissure at some depth in the earth crust. 



* TIm rea<lcr is also referred tu l'rufe>sor Milne's paper (O fi«iBiDic ezp«liDtiil», 
Tr7< >. f^eiy^i}. >' ■ . J<i]nin, Vol. 8. In rrofcBfior !kri!n('s PTtp^rimei-.ts, the motion recout- 
«l was not very large and tl»e mrx niAffi -vibmlicn did rot occur at iLe commecct-isent ; 
tic tiiitiftl dvkplawiD«iit «C Uj« vorsiMl aaotion belog nioRtly dttvcted ovtwntdi. 



Digitized by Google 



^ r. OMOBi: HOBIZONTAL PBNDULDM OBflBRVATIONS 

XU. ON THB nUBATXON, BMBIOJD, Aim AMPLI^ 
TVI>B OW THE BABTHQUAKB MOTION, 

69. Table V gives for the differant earChqnalces of Gwape (i) to 
{r^} as well as for the six earliiquakes uamed iu ^ 5ij tiie following 
■elements of motion : — 

Total duration of tlie l»t and 2iid pfreliminary fcremcna ; 
XhuatMNi of the principal partian ; 

„ „ „ more aotiTe phaee in the prinotpal portion ; 
Period of vibratioKi in the pwliminaTy fcrenioiB; 
„ „ „ „ „ principal portion; 
„ „ „ „ „ end iwi-tion. 
The period, or periods, of most active TibrationH are printed iu 
fat letters, while those of iucugnificaat or mpeiposed vibxatiaDB are 
-endoeed withm aqoaio biaekete. The nmneealB in lonnd biaoketa, 

namely, (1), (2), (3), , prefixed to the difibvent periods, indioate 

the order in which the latter miooeaeiTdy appeared, in the eartb- 
quake mtjtion. 

The measuremeuttt, uuIbbs oiherwiae mentioned, ralate to the EW 
-component seismograms. 



TABLE V. DURATION AND PEHiOD OF 
VIBBATION. 



£atthqiMlt«. 


J>anitkm of 


Bniod el fibntUni In 


Ko. 


Otfglit. 


Prel. 
Tremor. 


Princi- 
Portion. 


Active 
I'art. 


I'relituiurtry 
Tremor. 


Friuoipal 
Portion. 


Eod 
Portion. 


1- B 


i 


m 8 

0 » 


m H 


m • 




Me. 

2.9 
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TABLE V. (Oimtmued.) 



Earthquake. 


Dnratioa of 


1 Period of vibration in 


No. 


Origin. 


JTrvl. 
TMBMr. 


Princi- 
pal. 


Mnxwm 
Pact 


Timor. 


Priucijjal PoftioD. 


Ead 


7. 




m B 
0 17 


in H 
8 16 


m ■ 
2 80 


MO. 

10.8 


MO* 

|10'8 
47 

t 11.3 


•aow 
tM 
[4.4 




Same eqke. 
(EW) f 








10.1 

1 






8. 


Ecbigo. 

im I 

! 


0 20 


lU 38 


2 25 


1 

11.5 


[2.7 


7.4 


•* 


bMna eqlM. 

1 


- 


9 U 


■■ 


1 

f 2.0 


9.3; 9.8 

53 

6.2 

Ul.4 


7.8 


8. 




0 25 


H 43 




iU 


7.1 


63 


» 




0 ar 


18 S2 




f LI 
117:8 


87.8 


7.4 


10. 


I«L (EW). 


1 3S> 


14 S5 


5 0 


(0.96 


,(1) 27.n 

J (2) 12.9 

1(3) 7.7: ».2 


ao 


1'. 


Kii. 

Off tli« NE 
ooaaiotJfaiD, 


0 46 

1 0 58 


16 30 


6 44 

4 40 


(13.7 
117.8 

1 6.4 


( 9.4 

7.5 
2.3 
U3.0 

6.7 


8.0 
6.7 


11. 


1* 


U 38 


17 3 


5 41 


,(1)0.67; 

iJ [3.0] 

I 11.6] 


(1) 7.1 

(2) 3.8: C.3 

[15.2; 2.1] 
1(3) 7.2 J [3-33 


8JI 


19. 


>* 


3 at 


16 3 


8 0 


11.7 [17] 


,(1) n.i 
m 5.9; 

[10.6 : 35] 
(8) 6.8; f9.8j 
^4) IIJ [8.1] 


100 


13. 


•» 


1 45 






JO.B [1.3] 


((1)8.2: [0.58] 


9.1 


14. 


»• 


0 49 




3 45 




10) 2.9: [851 

m ^1 
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TABLE V« {(hniinued,) 



£urtLijUuke. 


Duration of 


Period 4^ vibzution in 




Origin. 


I'Tclimi- 
iTvemor. 


Princi- 
Portion. 


Vmtt 


PnliminAiy. 
Senior. 


FriBCt[IBl 


End 
Fordos. 


15. 


Off the XE 
«0A8t of Moid 
Lilattd. 


m 8 


TD a 
• 


m n 
3 35 






8«C. 

1(1) 8.6 • [3.31 
l(2> 4.3 


aeo. 


!<>• 




1 11 

M Mm 






1 

1 — ■ 

1 




(0)16.5 

. (2) l-'.H 

(3) 7.0 
1(4) 12JU; 7.U 




17. 


»» 


f 

1 0 




3 25 


— 




1(1)- 

](2) 3.3; 0.3 

Us) 7:2 


l>.7 


IR. 


I* 


1 3 


— 


— 


— 




1(1) - 
12) 4.5 
MS) 7.0 


10.5 


19. 


«t 


1 2B 


— 


— 






1 E 


ll.g 


20. 


n 


' 2 2S 


5 40 




' f 2.4; 
1 10.7 


4.3 


f(l/ 9.5 
1 ri) 6.0 


8.8 


21. 




2 2» 


5 SO 


2 45 




i 


7.9 

1(2) 7.2 


7.C 


- 

22. 


KvniibTU. 


1 42 


22 0 


8 0 






((1) 35.4 

(2) 2;j.3 

(3) 17.0 

V(4) W) 




2a. 


Kyiinhyiv. 






6 0 

1 






((1) 3i.:» 

i(2) 23.0 

M3H7.0 


8.1 


24. 




2 15 

i 


21 55 


1 

0 47 

1 


3.8 




(1) 25.7 

(2) 15.2 

(3) 8.0 ; 8.4 

1 [16.1 ; 2.5] 


8.4 
[12.61 


25. 


Osbimo. 


1 2 17 


22 40 


G i 'J ^ 


(:.4 

3.1 




((1) 24.5 

j(2) 1M.5; 16.8H0.4 
'(3) 9.1 


8.G 
£13-IJ 


20. 


Ceran. 


9 2& 




10 ao 


f 3.0 

4 8.7 




|0) 38.0 

Ir^) 20.0 


12.0 
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Duration of 



I'criud oi Vibration io 



Prelimi-j Prind- 
TrainarJ Iwtioo. 


AotlTC 


u B 1 m a 


m. • 


i 

li 17 •£) 


12 21 


12 32 21 


9 oO 



Turktstan. . i:) au 



Fottion. 



126.8: 9.9 
4.8 



42 U 



'2a 12 



5U 33 i 2& 



8.2 
iiiJS; 3.3] 



7.9: [3.5; 
18.0J 



u la 



I 



aK 12 



22 20 



AUuicu. 



12 



Oilaiiifci. 



22 19 



22 24 



:«) 14 



33 13 



17 u 



26.2 

(1)19.6; 

U.2[l.5; 



(1) 4r,.H I KM! J 

31.2 

(4) 18.5 

(5) 22.9 

(0) 14.3 

(1) 3t.8; 17.7J 
((2) 21.1 

, (3) a<j.i 
1(1) ifi.f> 
hi) 12.9 

(1) 52.0 

(2) 11.3 

(3) 2^).0 

|(*) 18.0 

1(5) 11.0 

*(6) 15.9; [9.0] 

33.0 , [tJfi.oJ 
(2) 24.0 
'(3) 111); |;-25J 

(1) 11-5 

(2) 37.0 

32.5 



End 



/15.0 
9.8 

I 8.7J 



10.<J 



3.7] 
C.'t 21.8; 
17.8] 



34 so 



IS 0 



f 6.0 



,<1) 11.7; [7.51 

W 35.7 

J (3) 28.8 
^(4) 21.1 
(5) 18.2 

(«) 1«.8: t25.0} 



,(1) i:U 

(2) 11.1; [10.81 

(••<) 'Jii.o ; [11.1] 

(4) 24.3 

(5) 17.5 

(6) 13.4 



13.0 



/20.G 



'J.8 



12J.il ; 
9.1 



13^ 



(1) 54.0 

(2) m.n 

(3) 27.3; [9.fr-12i)] f 8.3 
{4)17.9 I [17.81 

(5) 14.9 I 

(6) 11.1; ri9] 
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TABLE y. (CtmimHed.) 



E«rllK|wlWi 


Duntioa ot 


Steiod of Tibiatlan in 


No. 


OrigiD. 


Prelimi- 
nary. 
Tremor. 


Prirci- ' 

pal 
IVvtion, 


Acti-TO [ 


'PniiudaixTj 


Principal Portion. 


End 


81. 




m s 
ao fiO 


ID 8 

M 51 


m 8 
Si 51 


Kec. 

(1) 8.3 

(2) 13.1 

(a) 28.1 

I [16.3; 40.3] 


(1) 38.7; '[7.3] 

(2) . (5) 33.8 

(3) 26.7 

(4) . (6) 2D.y 

C7) 18.7 




32. 


Oonlevak. 


90 ao 




91 0 


/(I) 7.0; 
[4.3; 11.6] 

(■2) 14.1 

1 [8.9; 30.4] 

(4)39.3 

(B) 24.0 
V(6) 3tJ.7 ; 
[7.7] 


,(1) 43.5 

m 36.2 
(31 26.5 

^4) 8Uil 




B'. 


Mexica 


26 51 


54 27 


22 23 

1 


,(») 5.3 

(2) 14.1 

(3) 7-3; 
[15.3] 


f(i) 32.7 
<2) 21.0; 110.1] 
'(S) IM 


15.5 


6'. 


CiiMcnB. 


1 

1 32 81 


28 83 


98 83 


f(l) 7.7 
(2) 14.8; 
[32.6] 


.fl) 5nO: 

[10.0; 2.9] 

(2) 45.4; [10.3] 

(3) '23.5 (timall). 

■ (4) 31.2 

(5) 25.8 

(6) 23.5 
^{7) 81.4 


17.9 



TOTAL ULUATJON OF AN EABTEQUAEK 

70. Tlie duration of »n eortliqunke obaerved nt a given plaoe 

di pends on the- magnitude of the disturbance nt the seismic origin, 
ns well as on tli(> distance from the hittor. It ia evident tlmt the 
duration increases with the size of the eartliquake. The efiect of the 
distance on the duration, liowe^r, is twofold namely, the incveaae in 
the distance dixninisbes ilie amplitude of viliration, probably in a 
ratio of inTOiae square, bnt lengOiens fhe intervals between the ano- 
ccssive phases of the earthquake motion, in n ratio of direct proportiaa. 
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The dtiratbu of a great earthquake obaervpd at n nenr dlfttance^ 
must l>e at least 3 hoiire, as the seismic int'ti*>ii is pro^xi^atctl from 
the origiu to the ubeerviug ])lac'e both along thf^ minor art* niui the 
major are of the earth, and as the time taken bj tlie vibrations iu tlifr 
3id phase of the prindpal portion in muhtng one eomptete oirciiU 
of the earth is 3h 20in 4Gb; in Bome eaaea, tlie motion pio- 
pngated along the minor are coming IttM^V to tlie olwerriug place after 
passing tluoii^li thp niitip<Hlc of tl i- i.it',<- * 

The following table, based <>n tiio 'Jukyo l>oiizt>ntal i)eudulHiii 
obsen'ations contained iu tlie PhU'wulioua, Ntis. 5, 6 and 13, gives tlte 
total duration of those comparatively near earthquakes, or those for 
whidi the dnrntion of the pieliminaij tremor vas less tiiau 5 ra, ar- 
ranged iu order of the same qnantitv. 



TABLE VT. Durations of gi^at earthquakes 

of near uu't^Mn, obst?rved iu Tukvu. 

[Earthquakes whose durutiuu was greater tlisn 1 hour.] 



Date. 


Time of 
ocenirenoSb 


c »• 


c 

H\ 




Time of 
OCCIttKiioa 


a-- u 


a 


Not. 


5. lono 


b m f( 
4.41.42 p.m. 


0. '27 


h mi 
i.OO i 


Dec. 


4. 1896 


k m « 
1.45.32 n.m. 


m K 
l.:ts 


h m 

1.19 


April 


•25. 


H. IS. r>2 a.ni. 


(>. :J8 


•2. '22 


Nov. 


{<. IIXX) 


'2. '»5. CKl ii.nj. 


I.3<J 


2. (Ml 


Aug 


5. I'.'IK* 


17 p.m. 


(1. :$'.» 


3.45 


Mny 


8, lH.il* 


U. 28. 54 p.m. 


1.4:i 


l.-ii> 


I)«c. 


». IMK) 


11.07.02 p.n). 


0.40 


2.00 


March 24, 1899 


1.02.35 pm. 


1.51 


1.09 


Uny 


12, ItWV 


3.20. 19 «.&. 


0.40 


2. CO 


Aug. 


4, 1900 


1. 33. 40 p.m. 


1.51 


1.10 


MospU 


7. 1K09 


9.35.29 a.ia. 


0.4G 


1.90 


F«b. 


13,19C0 


1.27.40 p.m. 


1.52 


1.20 


Uat<4i12, 1!NK) 


10.35,01 a.m. 


0.«fi 


1.W 


Nov. 


25.1899 


a. 45. 24 nan. 


1.54 


2.13 


Nov. 




l.'M). 11 11 .m. 


(1. :.4 


1. 11 


Oct. 


4, IKM) 


5. 50.22 p.m. 


2.(X) 


1.05 


Nov. 




'1. 40 -21 a.m. 


1. 11 


l.(Kt 


Jnn. 


18. VJW) 


4. 11.44 I'.m 


2.1U 


i.to 


Ang. 


2, lUt O 


ll.ai.su a.in. 


1.35 


2. 48 


! Dec. 

1, , 


7, 19(0 


4.13.05 p.lD. 


2. la 


2.00 



* See Ui« VuUiailiotts, Nu. 13, p. 123. 
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TABLE VT. (('u„t in wfl) 





Time of 

omirrenop. 


- o 
a c H 


Total 
durntiou. 

1 




Time of 
occurronoe. 


•2 12 2 
S P 


a 


Fabu 


1, vm 


h m ft 
4.21.U7 %ja. 


m K 
2.'18 


h lu 
1.30 


Aug. 


29, ISOO 


3.14.00 pM. 


m s 
3.29 


h m 
2.00 


Jnlj 


It. 1899 


1.40.07 


2.23 


l.iO 




10, 1899 


8.58.S5 p.in. 


3.31 


1.00 


July 


14, 1899 


U.'il.fio n.ro. 


2.30 


1.37 


Kiiv. 


23. 1899 


6. 52. 39 p.ro. 


3. 32 


4.00 


Dec. 


•25, 1901) 


2.07.41 |).m. 


2. MO 


3. :!M 


N'uv. 


12, 1899 


7. 27. 13 a.m. 


3. 45 


1. lU 


June 


17, 18)9 


10.09.35 a.lli. 


2.32 


1. 19 


■Inly 


12. 1B99 


11. 56. 26 p.m. 


3.48 


1.25 


Dto. 


10, 1899 


11. '22. 21 p.in. 


2.34 


1.00 


Fbb. 


1900 


7.20.19 p.m. 


3.52 


1.09 


Xov. 


•il, 1900 


4. 49. IS p.111. 


3.09 


3.40 


•Tune 


9. 1900 


9.12.43 pjn. 


4.15 


1. 17 


July 


'li, 1B99 


10.23.33 a.m. 


3.10 


1.45 


Lug. 

r 


14. 1900 


5. 19. 39 mn. 


4.50 


3.00 



Tlui uiejiu results given in the following tahh; luuti btHui dediioed 
from 76 distant earthqunkes whose Huulysjes am contained in the 
FuUioatuma, Nob. 5, 6, and 13, and wliose total jn^eliminary ttemor 
lasted more Uiau 5 minnteB. 



TABLE Vll. Dnvatioii of distant eartliquakes 
whose preliminary tremor was l<»iger 
tlian 6 minutes. 



EartliqiiakeH. 


Avera^ va 

Total I'uil 
Tremor. 


Ine of the 

Total eqke 
duration. 


31 eqkes, whose prel. tremor lasted 
Ivom 5m 5s to 6m 68s. 

18 eqkes, whose prel. tremor lasted 
nom 7m Os to 9m S5», 

17 eqkee, whoiae preL tremor lasted 
from 10m lOs to 14m 43s. 


m H 
6 « 

8 47 

12 27 


h m 

0 53 

1 38 

2 14 



\ 
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AverM<r< \aai(^ of the 



EmifaqiuikeM. 



'iotai I rel. I Tot^il eqke 
Tremor. ' Dnmtiou. 



1i III 



12 eqkcK, whose prel. tit iuor hustcd J 17 97 ^ 00 
from 16m 2g to 19m 668. ' ^* ^ 

8 Pijkes, whose prel. tremor laMed 
from 20m 40r to 3ilm oGn. 




3J) 



According to Iho above ta1>le, >vhich is to be re^rded as giyiiiK 
oitlj xeay rough data, tiie earthquakoH. whose praliminaiy tremor 
liuited from 10 m to about 15 m, liad the greatest mean dumtiou of 
8 h 14 m. Whether any gimilar reKult i» obtained with more extensive 
materials, remains to be seen. In the nieamvhilo, if we divide the 
tlitltniit < aitlKjuakes into two bn ad divisions, namely, earthquakes 
ukse ineliininary tremor lasted fit>m i3m to 16ni, and those Avhoso 
prelitniDaty tmnor lasted from 16m to more than 30m, we get nearly 
eqwA values of the total duration for tlie two series of earthquakes. 

Takuig together Tables VI and VIT, it may be Inferred tliat tlie 
dnnition of on earthquake is longest at the vicinity of the origin of 
(listmbance. 

DVHATION OF TEE ACTIVE PAST IN THE 
PRINCIPAL PORTION, 
71. 'I'ho duration of the more active part in the principal ix>r- 
iii ii (lit iHileil by } may varv with the iii,i;^uitudo of th«^ eaxHiqiiake 
niul the distance froitt the ori<^in cif tlie latter, beiiij^' virtually the 
length of a j^ioae or phases of the seismic motion. Table VIII, which 
in hased on Table V, gives the duration in question for tlie diffei«iit 
eoYthquakes, arranged according to the lei^h of the preliminary tre- 
mor; for each of the earthquakes of near orij^in, the duration of the 
sijOfially well pronounced phase (denoted by 1\) is also jj:iven, 1', is 
l^uenilly not equal to, but le.ss than, the dumtiou of the ** principal 
portion." In distant earthquakes, the duration 1, is not usually well 
defined. 
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TABLE Via DUBATION OF THE UOST AGTIVB PAST. 



StfUiqiiakib 



Origin. 



DnraliuQ uC rrdioiinary 
T»nior. 



Ecliigo. (NS) 
(NS) 
(KW) 

|()ff N£ ooiist of 
(Main IsIhimI. 
Izu. 



ifOff NK cniiHt y£ 
( Mutii iMland. 

Off E OMHtt vt 
Kii. 

Off NE ooMt of 
Main UmU. 



Izu. 
KyiubjQ. 



lOtf NE count uL 
[iitdn Inland. 



Ccram. 
New Oninea. 
Sumatra. 
Alasca. 
TntkMtatu 



AnUn. 

Siiloniki. 
Mexico. 



Guuti inula. 
«* 



m 

0 

U 

0 
0 



o 
o 

0 

1 



1 
1 
1 
1 
1 



2 
3 



9 
12 
12 
12 
13 



14 

14 
'H 
32 
2ft 



90 
32 



a 

17 
» 

21 
27 



2tl 
39 
4tt 

5$ 
00 



3 

31 

39 
42 



15 
17 

23 

25 



25 
17 
32 
27 
311 



IS 
S3 
19 
24 
51 



2a 

31 



DnmtioD oC the 



Aetiv* partsy, Mort Artiva 



ni 
'.» 
10 
11 



14 



11 

14 

a 



13 
10 

11 
14 
10 



21 
22 

5 

6 



10 

li 

9 
17 
23 



22 

23 
•24 
15 
22 



21 
21 
28 



K 
10 

30 
35 



0 



20 
10 

O 

0 



40 
■10 
U 
95 
15 



55 
4U 

4U 

3U 



30 
21 

r)0 
o 

12 



2U 
53 
&) 

0 
23 



51 
o 
23 



m 

•> 



:»•» 
25 
1 

43 



3 

5 
G 

4 

3 



35 
4'5 
44 

40 
25 



5 
5 



U 
0 
0 



0 
47 
49 



45 
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In Strang earthqnakes of a neur origlii, audi as the Echigo earth> 
quakes, Nos. 7 and 8, the amplitude of vibratioim in the most .active 
pai't was very much lai^r than thtisti iu tin; otlu'r pimses; tlie ilaiii- 
tion, beixig iu tliese crises, accurdiug to Table VIII, ;vl>imt '2^ 
miiniiefk With earthqaakos of a remote origin, snoh an those uf Iza, 
Eynahjn, Oshima, and Kii, or ^ majority of those which originated 
off the narth-esstem coast of the Main Island, the distinction between 
the vibrations of the most active part and those of the Mlier phases 
\va.s less maiked; the duratiou Y, beiuj? hmgfti* than iu the previous 
eases, and mostly incln<le<l lietweeu about 5 and <S minutes. 

Again, according to Table VIII, the duration Yi for each ot the 
diflerent earthquakes of comparatively near origin, namely, Nos. 7-31, 
was, with 4 exceptions, fairly constant, and included between 9m IQs 
and 14m 35s; the lat 13 earthquakes giving an average of 11m 36s. 
Tliis value may bo taken as a pro]>able mean duration of the more 
decided part iu the prinoiptii portion of a large earthquake of near 



In tlie tiiree earthquakeH of Ceram, New Gniuea, and Sumatra 
origins, namely, Noe. 26, 27, and 3% Yi varied between 9m 50s and 
12m 21s, ^ving a mean of 10m 54s. 

In 10 distant great earthquakes Nos. 4', o', <»', 28, 34, the 

«lm-ation wns, i'\co))t iu two cjisos, nearly constant, varying be- 
tween 21m and 'iBm 23s. For tlies«» eartliquakes, 7, may be rej^ard- 
ed IIS being eqoivaleut to tlie sum o( the durations of tli*> 2ud and 
3w1 phsses of the principal portion, tliat is to say, to (^1 + iH) i/, or 



tlie durations of tho Jst and 2ud preliminary ti-envns. (See the PMica- 
tioiis, No. 13, p. lli>.) 

The Turkestan and tlu:ee Alasoii earthquakes, N«)s. 4', 28, 2U, 
and 30, give a mean of 21m 48s; and the Meiico, OwaciM, and 
two Guatemala earthquakes, namely, Nos, 5', 6', 31 and 32, give a 
inean F, of 24m 9s. 



origiu. 




V 79/ 2 



approximately, where and denote respectively 
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PERIODS OF THE MOST 4CTIVE VIBBA. TIONS 
IN THE DIFFERENT EARTHQUAKES^ 

72. Fi-oui tlie description of tlie difliereut seismoginms given in §^ 
5-55 it viU be seen ibftt tlie pericd of tlie piredominatjng moventents iwbs 
compamtiTelj sboit in eaitiiqnakes of near origin, while it was 
naually Texy long in those of dislant origin. The fdDowing table, wliioh 
is baaed on Table V, gires the jjeriod (denoted by T^) of the g:reatest 
vibmtious iu the dilYeifiit eiiitiujuakcs, an;iii<^Gd aceordiug to the 
kiigth of the duration of the pielimin&iy ti-emor (denoted by y). 



TABLE IX. Periods of the gi^eatest vibrntioiis in the 
di&rent earthquakeH. 



Earlliquake. 



Origin. 



7—8. 



Looal. 



14. 

U. 

15. 

2*. 

1'. 

17. 
18. 



11). 

I!'. 
\L 
10. 
22. 
23. 

13. 

24. 

25. 

•20. 
21. 



I fOff NE coa.st o£ 
I \ Main Island. 
I Izn. 
fOff NE coftHt of 
\ Main iHland. 
Kii. 

jOrt NE ooaal of 
•1 



Jzii. 



(Off Nl: wi;iHt of 

, J Jilmu iHJnuU. 
I Unhima. 



I ( Off KB eOMt of 

I \ Mnin iMlancl. 



Puratit'ii of total 
rteliniiimry 
Tremor ij. 



sec. 

(mMn) i» 



m 

0 
0 

0 
0 

0 



1 
1 
1 
1 
1 



•2 
2 

2 

2 



2t 



21) 
4U 
58 

11 

Ml 

A'J 
42 

45 

15 
17 

23 

25 



Period of the 

greatefrt 
TibraUo&s= Z.. 



8.9 



4.7; 6.9 

2.9 
7.1 
8.(> 
9^ 
fi.7 



7.('; )G..> 

ri.!» 

7.7 
17.0 
llA 

8.2 

8.0; 15.2 

•.i.l 

9.5; tiO 
7.'J 



Mean Taine o{ 7^.. 



2.9 

4.7; 6.8 



8.0 ; 2.9 



18.2 (7 ca.se>) 
16.6 (* ) 
wi (2 „ I 
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Karthqoalce. 





Origiu. 


•irt. 


Ceram. 


27. 


New Guiooii. 


A'. 


Snmiitm. 


A\ 


TarlmtRit. 


28. 












33. 


AuUn. 


:i4. 


Sal..niki. 




(iuatumalH. 






5'. 


Mexico. 




CamcM, 



DtrutioQ of the 
totui Preliminary 
Tramorssy. 



13 



14 
14 
12 
22 

22 

au 

26 
32 



25 
17 
3Q 
30 



2a 

27 
19 

24 

20 

51 
31 



'It riixl of the I 
greatest 



Mtjao viUue of T^. 



2U.0; 38.0 
22.9; 31.2 
12.9; Zi» 
1H.0 



:J3.0; 24.0 
:l2.r» ; 20.7 
35.7 

17.5; 31.3 
n.fi; U,9 
26.7 

2>.5: :i«.2 
21.U; 32.7 
83.ft; 81.a 



20.3 




12.9 




31.2 




34.8 




S8.U 




25.0 (5 


cases' 


32.4 (4 




:*»).0 (2 


»» 


20.9 (2 




17.6 (2 


** 


(1 





From the above table we see tlmt in tbe six It^l Klujcka the 
mean raloe of 2o was oomparativelj short nud eqnal to 2.9 aee., the 
mean value of tj being 9 eec. For the two Eohigo earthqnakea, whose 
y was on the avera^ 19 sec, thera were two diflbrent valnes of To* 

namely, 4.7 and G.!) see. For tlic Kii tiiul I/ii earth(|u;ik( s and thf)se 
o£ origins situated oft" the iiortli-ejisteru coast of tbe Main Island, whone 
jf was iincler about 1 iiiiu., tbe value of 1\ wah on tbe average 8.0 
see. ; only in one case T was equal to 2.9 sec., which is the period 
occurring in tlie local sliocks. For tlie Lsu, Kyiuhyu, and Osliiina 
eartliquakes, and Home of thone of origins situated off the north-east- 
ern coast of the Main Lshiud, whose ij varied between abant 1 miu. 
and 2|miu., tlie value of 7', most frequentlv txjcurring was i)u the 
average 8.2 sec. ; iu Home cases, however, 7', was largo and equal to 
16.6 sec. With the Ceram, New Guinea, Sumatra, and Turkestan 
earthquakes, whose y varied between 9m 25h and 13m 30s, the ave- 
rage value of was 20.3 sea; in these earthquakes, however, the 
prominent single vibration occmriug at the commencement of the 
principal portion bjid often a very .shw perioil, varying from ;il.2 to 
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S8.08ec. In the distant eArtliqimkes oC Alasca, Aidin, Sukniki, Guate* 
mala, Mexico and Cameaa origin«(, the Tatnes of meet fr^neutly 

occuiTiDg were on the uveiii<4t 25.0 sec. or 32.4 sec. ; in some cases 
T;, beiDg equal to 14.9, 17.G, 20.9 or :5G.()sec. The 2iid aud Uie 3i-d 
of titeae latter are ideuticHl A\ lth the vuluea o£ T,^ occurring in the 
ta'O loeceding groups respectively. 

From the above remarks* it will be seen that the talne of the 
period T,, lengthened with the dtiratiou of tliu preliminaiT tremor, 
tlmt 18 to siiT, with tlie dislaueo of tlie earthquake origiu ; the vil>r:i- 
tioiis of 7', = 16.6 sec. liaviug tii-st (Kcimed with ttartlM|uakt's wh«jwe 
was Uniger than about 1 miii. The predomiuauce of the vihrati<nis w h.*^ 
2',i was 8 see. nearly ceased with those distant eai-tliqnakes, for which 
ff was longer than wme 9 vain. With this latter groop of earthquakes 
the value of was increased to 20.3 sec; while with earthquakes, 
wlK«e ff was gi-eater than some 14 niiu., the value of 7« was most 
frequently 25.0 or 32.4 sec. 

The increase of tlie valuo of 7'o with tlie epiceutral distance is 
ptxjbabiy not due to the prolongatiou of one and the same kind of vibm^ 
tiou, as the latter radiates from the origin of disturbauoe. On the 
contrary this phenomenon is to be esplaiued on the assumption tliat 
vibrntions of shorter period ure reduced in sisse much more quiclcly 
than those of shmer i^eriod ; the result is th;it vibrations of tht> iiuicro- 
seisniic nature are almost entirely absent in the earthciuako motion 
prixseediu^ from a distant origin, while tlie movements of diflEerent 
slow periods become successively prominent at the vaiying radial 
distances. The supposition held by some seismolo^sts that long- 
X)erind vibrations are to be observed only at a great distance from 
the seismic centre is evidently initrue ; some very slow vibrations 
having been obstuvtd in Tok^'o on the occasi»»n of near eai-th- 
qunkes, such as Izu, Kii, or Eyusliyu earthquakes. I believe that 
sl<iw vibrations generally appear in eai'thquakes which are auffi- 
cientl}' great. 
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PERIOD OF VIBRATION IN THE INITIAL PHASE 

OF THE PRINCIPAL PORTION. 

7fl. Tiie ioUowtog table gives far the di£fi»rent eartliquiikeft tbe 
periods in the inital phase oC the principal portion. 

TABLE X. Peii< d of Vibmtiou in tlie Initial Phase 
of the Principal Portion. 



Earthquake. 



Period. 



No. 


Origin. 




10. 


Izii. 


8GC. 

27.6 




2-2. 


Kjrusbja. 
Oahiiua. 


35.4 




•23. 


31.3 




24. 


26.7 




25. 


» 


24.5 




20. 


Cernni. 


38.0 




27. 


New Guiueji. 


4G.8; 


31.2 


3'. 


Sumatra. 


34.8 




4'. 


Torkestau. 


52.0; 


41.3 


28. 


Alasoa. 


34.5 ; 


32.G; GG.O 


29. 




44.5 ; 


37.0; r!2.5 


30. 


ft 


44.7; 


35.7; 28.6 
38.7 ; 33.3 


31. 


Gnatemala. 


38.7; 


32. 


»»^ 

Mexico. 


43.5; 


35.5; 37.0; 36.0 


i) . 


32.7 






Curacxuj. 


5G.0; 


45.4 


ua. 


Aidin. 


41.4; 


29.0 


34. 


Snlouiki. 


54.0; 


36.0 



Tlius it will Ije seeu that the slow period of vibrutiou occiiniug 
iu the 1st phase of tlio princi^ml portion varied in tlie diflci'ent 
enrtliqnakes between 24.5 and 6G.0 see. It is probable that with im- 
proved instnunents we shall be able to observe still slower vibratiouB. 
In the measurement of the earthqnske motion, it most be remembered 
tliat very slow vibrations, which are afiected to a considerable extent 
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by tiie friction eatistipg iu ibe difiereut parts ol the seiBmogmpli, will 
be iQoorded muob smiiller than Queir trae size. 

Tho different peri<xl coutiiiiied in the above table umy be divided 
into 7 groupB wliuso im nn valnes nie h« follows* : — 

25.1 »ec.. deduced from 2 



28.4 
.«{2.3 

41.4 

45.0 
54.0 



If 



it 



»» 



3 

e 

12 
2 
5 

3 



The suoeeB Bi ve difierance between the fiiai 6 of these periods varied 
from 3.3 to 4.9 sec, givbig au aveiage value of 4 see. The 
dilEecence between tlie last two periods, which Is equal to 9.0 sea, is 
to be regarded as equiTalent to donble the oommon diflfeienee. 

PERIODS OF VIBRATIONS IN THE PRELIMINARY 
TREMOR AND THE END PORTION, 

74* Tlie different periods iu tho preliminary tremor and the end 
pDrtioD, given in Table V, may be divided more or less definitely 
into 6 and 5 groaps i-esixictively, as foUowst:-^ 



Praliminftry 
Tremor. 



, 3.7 


StJC, 


Jet] need frotu 


17 


cases. 


8.0 


»» > 


>> 


32 


i» 


14.0 


n t 


If 


0 


i» • 


" 17.6 


»» » 


>f 


6 


i> • 


25.1 


>» » 


i> 


7 


? > • 


^32.3 


»» » 




G 


u • 


f 4.4 


M » 


»« 


1 


l» • 


8.(1 


»» » 


ft 


24 


l» • 


■^13.4 


»» f 


If 


a 


»» • 


17.9 


M » 


>' 


2 


l» • 


121.3 


»> » 


»» 


2 


>» • 



End Portion 



It will thiLs be soeu tLuit slow pi^riods, whose average values ore 
respectively 25.1 and 32.3 seo., also oscnrred in the preliminary tremor. 

* Kxcoptiog proriHtuaalljr the valao of G6 sec, which occurred uuly iu one cnse. 
tEnlnding moTenwota of maoto^alsmle natttve. 
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In the end portion there were, only in a few mses, slow periotls, 
wliose jnci iL'o vahios w oio 17. 1> and 21.3 see. Tlio i)eriofl most fre- 
quently cKcnrriuj; in these two plm.s^ s Las, for difttant eartlitjunkes, 
a mean value ofjakout 8.7 iec. The fact thai this latter period in nc»t 
markedly shown in the principal portion of distant earthquakes is prob- 
ably due to the pradominauee of Tibi-ations of long perioda, the coni« 
paratively ins^nificant movements of aliort periods being obliterated. 

MEAN VALUES OF THE PERIODS OF VIBRATJOK, 

75. The following: fable gives the mean values of the periods in 
tlie different portions of the earthquake motion, based on the results 
obtained in the three preoediug §§; the figures within brackets suf- 
fixed to each mean value indicating the number of cases from which 

the latter has been deduced. 



TABLE XI. Periods of Yibmtum in the difierent 
Parts of fh© Earthqtmko Blotion. 



Pi-eliniiuary 
Tremor. 


Inituil Phase 

of Princ. 
PortioD. 


jjJost active 
Pnrt of Princ, 
Portion. 


End 
Portion. 


Mean. 


sec. 


sec. 


sec. 


sec. 


sec. 






1 2.0 (G) 




2.9 (6) 


3.7 (17» 




4.7 (2) 


4.4 ( 1 ) 


4.3 ('20)=/, 


8.!1 (32) 




8.0(12); 6.9(2) 


8.6 (24) 


8.6 (68)-/, 


14.0 (11) 






13.4 (8) 


13.7 (17) = /, 


17.0 ( G ) 




17.1 *G) 


17.9 (2) 


17.6 (14) = /, 


'20. :t ( 3 ) 




20.G (G) 


21.3 ( 2 } 


20.7 (11) = /. 


2.'i.l ( 7 ) 


25.1 (2) 


25.0 (5) 




25.1 (14;=/, 




28.4 (3) 






28.4 (3 )=f. 


32.3 (6) 


32.3 ( G ) 


32.4 (4) 




32.3 (16; = /. 




36.5 (12) 


36.0 (2) 




36.3 (14) = /, 


Sy.8 (2) 


41.4 ( 2 ) 






40.6 (4) = /., 




45.U ( 5 ) 






46.0 (5) = /,, 




54.0 (3) 


4 




64.0 (3)=fi^ 
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The meau valii«8 of Use prindiMl periods thus obtMiied axe 
fnmitar to those given in the Pv^eaftoru^ Noe. 5 and 18, dediieed 

lom more or less (lifforent materials of obseivatiou. I sliall here 

introduce the uatatious ^, . . . . /,„ l,j to denote the suc- 

<9essive meau values of period, in place of the notations Fj, JPgt etc., 
used formerly. Ijeaving out of ooiiBid6iatio&, for the preeeut, the 
periods amaUer than aboat 4800., whieh must be dwciiBaed in oon- 

unction with roaoro-eelsmie Tibrations, we me that the mean eommon 
diffei'cuce botwoen the successive ]>orio{ls, (.,, , is 4J.sec., be- 

ng practicuUy equal t> ^. Thus we have the following approximate 
relations : — 

"AU~11~ ''a' 

where n denotes an integer^ whose limiting valoe we do myfc know. 

The two periods it and are to be regarded as being eqiu-valeut 
respectively to the two fundamental periods Qi and Qt of the pnlsatoiy 
<iecillati(ins,* and it is noteworthy that tbe /, or ^, is practically 
(lentiuil with the common diflferenw of the successivo i^eritxls in the 
X)riuc'ipal |K>rtiou of the eurtlKjuuke motion ; Q^ heing the period of 
the pukatory ofloillatiouK iiKJSt frequently occurring. 

If the above conaideratious are correct, it appears that the fun- 
damoutal or nnit period of the earth vibration is <, (= Q^, the diflerent 
longer periods being its multiples. 

OCCURRENCE IN A DESCENDING ORDER OF THE 
PERIODS OF SUCCESSIVE VIBRATIONS IN 

THE PJilNCIFAL FORTION. 

76. From Table V it will be noted that in an earthquake, es- 
liecially those of distant origin, the difiarent periods of vibration in the 
principal portion generally occurred in a descending order, that is to 

siky, the vibrations at tln' coiijuunicemeut of the initial phase had tho Umg- 
est period, thoue in the subsequent pai-ts having periods which siicces- 

• Sc« tho rub'.Ua:hm.s, No. 13, p. M5. 
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sively deoreaaed. In the following table, the periods erf tbe fmeoeeBiTe 

groups ol vibiatious in tho diftereut earibqaakes are approximately 
expressed in terms of tiie periods ^'s. 



TABLE Xil. Periods of the Successive Groaps of 
VibmiioDB iu the diffntent earthqnakefl. 



No. 


Origin. 


Periods, iu order of occiu'renoe. 


10 


Tzu. 




^ 








22 


Kyusliju. 












23 














2-t 


OHiuina. 












25 


•* 


Ui *»f 








26 


Cemm. 












27 


X*'w Guinea. 


'ill 










3' 


Suaiatm. 


^ j ^ 










4' 


Tnrkestun. 




til 


U\ 




u 


28 




'f 5 ^8 


; <3 








29 


«* 






<»; 






m 








h\ 






33 


Aidiu. 






k\ 


U\ 




34 


Soloniki. 






U; 


h\ 


u 


;u 


Guatemalii. 




; 


h\ 


U; 




32 






. 








5' 


Mexico. 












6* 


Caracas. 


/ • / 











In a few cnaes, namely, Eqkes Nos. 27, 4', 81, and 6', tbera 00- 
cnrred in the later part of the motion some slight invornoiia in the 

order of occurrence. In nil the other cases, however, the series began 
with slow vibrations, wlioso ])eri()(ls were mostly i^, U, tw, 'ti, or 
thence successively l)ecorjiinf^ shorter towards tho end of the principal 
portion. Especially iu Eqkes Nob. 3', 29. 30, 33, 34, and 32, the 
snooeatton of the different periods was in a perfect deoreaaing order. 

In earthqnakes of near origin, the oocnnenoe of the dlflbzent 
periods in a decreasing order is generaHy not well marked. 
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In the preliminaiy tiemor of distant earthquakes thme is no 
wall marked order in which tlie different i^eriods appear. There seems, 

however, iu some cases, a.s in lilqkes N<>5. V>1 and 32, a teudency for 
an iucreasiug order, tliat is to siij*, the motion begins with vibrations 
o{ periods of ^ class, thence increasing np to periods of or class. 

DURATIOX OF THE TART OF THE l*niXriPAL PORTKfX 
DURING WHICH CHANGES IN FElilOD TAKE PLACE, 

77. Tlio fi»llowinp; list p:ives, for tlio ditfereiit eai-thquakci^. the 
period uud I'a iu the successive parts of the principal jw tion. 
JEq/cc No, 10. 

( i ) 27.6 sec. : 1 viU, ^^12.2 mm. 

(ii) 51.6 „ : 4 vib., 2^sl2.9 sec., inns. <2a=17.6 mm. 
(During tlie nest Im 7s. the recording ]^K>inter was ont of tlie 

mbked paper.) 

Tliereafter 7' remained constant as follows: — 

(iii) 45.2 sec: 6 vib„ T=7.d sec, mas. 2a=17.0 mm. 

(iv) 40 „ : 6 , .,=7.5 „ , =17,5 „ . 

(v) 43.8 „ : C „ . „=7.8 , „ «14.7 „. 

(vi) 5m d2s: T=8.4 see., max. 2o=6.65 mm. 

(vii) 4 12 : „ =7.0 „ , „ =2.5 . 
Eqke Xo, 11. 

34 vib., T= 8.8 sec, max. 2a = o.l5 mm, 
» f» = ^-'^ H » M 2a — 4.8 „ 

, ,,=16.2 „ , 2o=4.7 „ 

> »» = 2.1 „ , „ 2a=2.8 „ 

Thereafter T remained constant, as foUoii-s : — 

(ii) Om 25.8s: 3 vib.,r= 8.6 sec, max, 2a ^4.35 mm. 

(iii) 3 1.5 : , ,,=6.1 , =3.6 „ 

(iv) 5 5 : 43 vib., ,,=7.1 „ , „ =1.75 „ . 
(V) 6 14 : ,„=7.1„, „ r=0.75 „. 

Xqke Xb. 12, 

( i ) Im 16b: 8 Tib., T= 9.4 see., mas. 2a =1.76 mm. 



( i ) 2m Ob; 
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(11) 3m 458: j _ 

I , „ =10.6 „ , 1-3..} sec. 

^ ^ (2"= 6.8 sec, max. 2a=1.3 mm. 
= 9.3 , 

_ I 7 =11.3 „ , max. 2a=Q.14 mm. 

(IV) 6 0 : j 

U> = 0.1 „ , 

In tliis case the period thus ramaiiidd neariy oonstaat ihioogbont 

the principjU \)oi-tioii. 
Eqke Xo. /'. 

Tlie pei-iod remained oonstaui throughout. 

( t ) Om 25.7s: 1 vib., 2o^3.3 mm. 

7=15.2 see.) max. 2a=4.5 mm. 

,, ~ D.i') , — — 



(ii) 3 30 



Tlicrejiiter the poiisKl l»ecjiiiio nearly coustftnt, as follows:— 

(iii) 2m 5l8 : T= 8.0 sec, mux. 2a = 4.A mm. 

/ • \ rr f 1 '» " » *» —2,15 

(iv) 7 



!»» — »» » 

„ =16.1 „ , 



( V ) 7 23 : 52 vib., 7'= 8.5 seo., max. ^as;1.56 mm. 
Eqice yo, 9f», 

( i ) Om 21.53: 1 vib., Ja-'^M mm. 

iT^lOA HOC, max. 2a=4.7 mm. 
„=15.8 „ , 
„ =18.5 „ , „ =4.65 „ 
Thereafter tlie T became ooustant, as follows ; — 
(iii) 3m 28a: 7=9.1 seo.. max. 2a=7.6 mm. 
(iv ) 7 4G : 51 vib., T=d:2> aec, max. -*a = 4.'2 mm. 
( v) 7 40 : 2'= 8.7 aeo., max. ^a=2.05 mm. 
tkike No. 27. 

1 Tib., 2a =1.8 mm; 
sap. by vib. of 7=10.6 sec. 
( ii ) Om 31. 2s : 1 vib.. 2a»8.3 mm. 

(iii I I 57 : 4 vib., 7'— 29.2 sec, mix. 2a = 1.0 mm. 



( i ) Om 4G.8s: 
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(It) 2 19 : ^=18.5 sec, max. 2a si. 0 mm. 

(t) 1 82 : 4 Tib., 7'=22.98ec., max. 2as4.Bmm. 

Thereafter the period quickened and remained ucurly c*oii9taiit 

( = 14.3860.) 

Bgike JRTo. 28> 

/ • \ fir . \ 2vib,, 7'= 34.5 gee., max. 2a=5.6mm; 
(1 ) -m rfos. j r=66Beo. 

(ii) 8 48 : Tvib., 2^^32.6860., max. 2a =16.2 mm. 
(iu) 4 42 : lOvib., „«24 , „ =11,1 „ 
Thereafter the period quickened and became nearly ooustant : — 
( iv ) 6m 288 : T= 14.9 sec, max. 2a = 5.0 mm. 

(V) 7 20 ; „=13.8 . „ =3.0 „ 

(vi) 26 40 : |"^25 0 ^ ^^'^ 

(i ) Im 29a: Svib., 7=44.6aec., max. 2as£ 2.3mm. 

^11^ ^ 91 • i^vib., ,,=87 M , 

{n) 6 41 . I _ ^ ^325 ^ ^ 2a=10.6 „ . 

(iii) 8 48 : 7=20.7 see, max. 2a=3.2mm. 

Hereafter tbe period became quicker and nearly constant :— • 

(iv) 8m 42s: T= 14.9 sec, max. 2a = 2.1 mm. 
(V) 7 43 ; ,.= 13.4 „ , „ =0.9 „ . 
(vi) 8 9 : ., = 14.4 „ , „ =0.8 . 

Bqke So. :iO. 

/' \ jAff^. (ivib., l^a=1.48mm; 

(I) Om 44.78: jy^ys^^.. 

( ii ) 2 2o : 4 vil»., 7'= i 5.7 sec, nmx. l\< - lani. 

(iii) 0 57 : 2vil)., ,, = 28.6 „, „ =0.8,, . 

(iv) 6 14 : 2'= 21.4 sec, max. 2a=1.5mm. 

(v) 6 40 : ,,=18.2 „, „ =1.43,,. 

Hereafter tbe period became coustnut: - 

/ x io ir 1 r= J 4.6 sec, max. 2a =0.78 mm; 
(Vi) lamlSe: j ^^^g^^j ^ 

Tbe TaliMS of tbe dmatiou {=Y') of tbe port of tbe priuGixio] 
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portion during which the variation of [jeriod took place, for the diffetent 
eurtliquakes noted alK>ve, are collected in the following table. 



TAIjIjL Ivlll. G>iiii)aris(m of y with the Duriitiuu 
of the Preiimiuary Tremor. 



Eoi-thquake. 


Duration of Total 
Prel. Tremors^. 


1' 


No. 

10 
11 

I'i 

1' 

t>4 
2;') 
27 

28 
2f» 
30 


Origin. 


Tzn. 

[Oft' the KE const 
jof Main IsUiud. 

Oiihiuiu. 
♦» 

New Guinea. 
Alaaca. 
t« 

1 " 


m a 
0 27 

0 39 

1 31 

0 oS 

2 15 
2 17 

12 17 
14 23 
14 13 
12 27 


m ft 
2 (appmx.) 

2 9 

(Bemained coostant 
throughout.) 

( ) 
8 56 

3 46 
7 6 

11 5 

18 88 
16 5i) 



So far as the above table shows, the dnration T* seems to In* 
crease iritli the duration (=2it) of the total prelimunar)- tremor; tlie 
tvo durations being of the same order of length. 



Xfir. BBPETITlOy OF MAXmUM MOVICMEXTS 
IN THE BABTHQ UAKE MOTION, 

MACiW-SKlSMIQ MOTIOJS\ 

78. I liave nmted, in the PvKAUxdionB^ No. 18, pp. 127 — 180, tliat 

tlif- iiiiicro-scismic motion observed at Hitoisubashi shows often a series 
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of maximnm laovomeutH, wLieL occunvd nt an averaga snooeaaiTe mt«x* 
val of about 5.0 seo. This lian beeu explaiDod by the supposition 

that the c'uilli<jUHk<j im lion ut iIitt)lsul»iKlii is oomiJcsed of the pr««)K r 
(isciliations of tlio soft siirfiice soil mixed up with the motion oi the 
miderh iiig harder grouud. 

la the next three §§, I give examples ol the lepetition d maxima 
in tlie case oi the micro-seismio or mifelt eai'thqnake motion observed 
vfitU horizontal pendulam insfcrament». 

EARTHQUAKES OBSERVED AT HONQO. 

79. The following iXiiin relntiug t«» the rejiotitiou of ma^dmam 
groups have been collected irom the aualysis of earthqaakes observed 
at Hongo, between July 1898 and Deo., 1899 ; * the interval between 
two successive mas^imnm g)t>nps being <1euoted by J, 

[Vi^oid EuiifrtJHul'ea.'] 

( i ) VtV/Av' of July io, IHOH; Hh Om 14it a.m. {JUTS 
iJomponenU) 

The total prelimiuary tieiuor hiHt<id I4m 15s. 

Thera were three nuiximum gnnip^i of vibration, with two mini- 
mam groups between them, m followH:— 



Vibmtiou. 


Duiation 


Avera«^o T 
1)1 vibiutitm 


Max. _V<. 


J inie of occurrence 
of tlie max. '2u. 


1st max. gi-oup. 
3rd „ „ 


in s 
2 53 
2 0 
1 36 


sec. 
10.8 
ll.G 
9.2 

10.5 


nnii. 
O.S") 
0.45 
0.35 


21i 2-2m 27s n.m. 


ist rain. gi*oup. 
2ud „ „ 
M&m, 


0 49 
0 36 


s.i 

7.2 
7.7 







* Tbo J'ubl'u (Uioii.-' , No G. Uukt>ii utUerwMo titateU the aualyidtt xclum to (hu KW 
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ThiiH tlio vibiuliuns in tike iiuix. ^niupn Ijjid h menu T of 10.5 
sec., which is loug«»r than that of tho Tibmtions in the min. groapSy 
iiamely, 7.7 see. This veLitiou ot the periods in the two series of 
gmaps, which sonietimes happens in distant earthquakes, is the reverRe 
of what took plaoe in tlie Echip^ Eqke, 7. 

( ii I Eqke of Any, 8, 189S ; 4h ijiat HiSs p.m. (XS 
Coitvponent.) 

Tiie total duiHiioii of the prcliuiiuHry tremor was 7m 7k. 
let max. group: T=13.2 sec, max. 2a =0.5 mm. 
2nd „ „ : ,.=13.6 „, „ =0.35 „ 

The two max. 2tC» occurred resiiectivelj at 6.17.65 and 5.23.23 

p.m. 

(iii ) i:qkr of Aprif 10. ISUU ; 1th tm 34s p.m. 

'I'otal dnrntiuu <»X tiie pitliiuiiuiiy treiiior=17m 3o». 

The maximum groups, iu tlie princi]ial portion, ocomied in the 
NS and EW oompcments at ayenige intervals of Im 12s (average T 
=8.7 sec.) and Im 36b (average r=9.2 sec.) lespectively. 

( iv ) Kql^e of April 17, 1800; lOh 46m Sa» a.m. 

T<»tal duration of the |>reliiiiiu;ii v tieinor=: 18m /iils. 

Thero were, iu tlie K\V compouent, 4 max. aud 4 miu, gi-uup^j, 
as follows: — 



Gruup. 


Duration. 


Averj^jo 2' 
of vibration. 


Max. 2a. 


Knml)6r of 

vil>. iu each 
mux. gi'oup. 




m 




soc. 


mm 




1st max. f^i oup. 


7 


4a 




0.14 




*iud „ 


2 


31 


16.8 


0.10 


9 


3rd t« ,t 


2 


14 


16.8 


0.08 


s 


4th „ 


4 


35 


16.2 


0.08 


17 


1st uliu. ,, 


5 


5 


9.2 


0.05 




2nd „ 


2 


48 




Smfdi. 






2 


tiS 








4th ., 


2 


5 




» 
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(V) Eqke of Ma if 1HU*J ; Ith 36m 479 p.m, {J^W 
Comjmnenf,) 

Total duraiion oi Uie pi-eltminarv tremor = 5m 31b. 

The wenga J wju» Im 30s, the 2' being 8.8 sec. 

M) :Eqke afJune 14, 1999$ 8h fitm 498 p.m. 

Total duration of tlw preliminary tremors 16ai 78. 

In tlio NS cjjmpoiit'iit, the average J was about 4min.; the T's 
deduced from two s(!iie8 eacli oi ^i) vibrationa i)eii)g lH.4 and 16.4 
sec. respectively. lu the £W component, the ooneBponding periods 
were 18.8 and IV.Oeeo. respectivelj. 

<Tii) :Eqke of June 16, 1899; 9h 49m 19s p.m. (JEW 
Componeta,) 

Total duration of the prelimhiary tremor=6m 288. 

*rh*>i averaire ./ was Im 54s, the T Ijeiug VIA sec. 

tviii) Hkjke of June ti3, 1899; Ih Vim ti89 a.m. {JTS 
Component.) 

Total duration of the preUminaxy tremQr=17m 248. 

The average J was Im 30s, the T being l<>.7fleo. 

(ix) V:qke of Any. IH, 1899$ 8h 40m 31a a.m. {JfS 

<'OlitJM/Hf'Ht.\ 

Total dnration of the preliminary' ti'emor=25m Os. 

Tliere were 5 canspiouoos max. movements, which occoixed rea> 
peotively at 6.11.46; aU.18; &1&53; 6.19.13 ; and 6.2L23 a.m. The 
4th was the absolntaly greatest one, (2a =0.35 mm), the T being 19.5 
see. 

(x) JBigkc of Autj. ^(if IHiiU ; 7h tin a.m. (JJW Com" 
ponent.) 

Total duration of the priuoipal portions 2m 168. 
Three max. 2a*s ooeuired respectively Sm 198, 8m 33fl» and 4m 
598 after the oommeneement of the earthquake ; the avenag^ T being 

9.0 sec. 

(xi) Eqke of Atiff. 24i, IHSfU f Ih 38m tiOs p.m. {EW 
Component.) 
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Totiil (laratiou of tlio prolinuuai v tremor ^ "Jm 133. 

Tliree max. i*a'« occurrod resj>ectively 2m 4ys, dm 28, and 5m 33s 
after the oommenoement of the earthquake ; the avenig^ T in the 1st 
group being 10.1 sec., and that in the 2nd grcmp 9.2 see, 
[Earthquake wkkk orkfhated <^ the Norih-m^m 
Coad of (he J/mn Mnnd.} 

(xii) iV/A-^ of Sept, J3, 1S90 : J ill Om ^(is p,m. {XS 
Component.) 

ToUii dtiratioQ of the prelinunarj tremor =0m 30s. 

Sis max. 2a'B occurred respectively 2m 8b» 3m 68s, 5m 148, 6m 
IOb» 7m 78, and 8m 6b, after the oommenoement of tlie earthqnake. 
In the Itst max. group, the averngu T was 5.1 seo. 

[ K// n.s/i I I If Euihq mke.'\ 

ixiii) JEqke of March :i4, 1809 ; Ih 2m 33a p,m. 

Total daxattun of the pi-elimiuory tremor =:lm 5l8. 

The average J ynm 1 min. 

EARTHQUAKES OBSERVED AT HITOTSUB^HL 

EW COMPONENT. 

80. Ihe f»)lh)wing data lehUing to the ie|)etitiou of max. groups 
are takeu from the analysts of i]ie seismograms obtained from the 
instroment in 1900 at Uitotsnbushi.* 

[DitAani EarQv]mhe8,'[ 

(i) Bqke of Dee. 1900 ; 2h Tm 449 p.m. 

Total duration <A the pvelimiuary tremor = 2m 30s. 
The 1st tbrse mas. gzonps were as foUows:— 

1st gronp: max. 2a s 12.3 mm, 2*= 31.4 seo. ; 

2Dd „ : = 6.0 „ , =14.3 „ ; 

Brd • »t = 3.8 „ , „ —13.8 ,, . 

Tlio iuterval l^eLweeu the 1st aud 2nd maxima was Im uGs, and 
that between the 2nd oud 3rd was Im 3s. In the minimnm epoch 

« Tb9 iDMmtemeuts. r«dao64 in a tabular fotm, are giran in (ha PMiecU'^ns, No. 13. 
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between tbe two latter mftxima there were floiDO vibrations of 7=9.0 

sec, and also those of T-^- \.'.\ si>c. 

lijiter uu tliere were (i max. jjcroinis vvliicli occuiTed at au average 
interval of Im '54h, tlie T Iteiug U.8 sec. 

( ii ) .£<7A'^e of Xov, liHh, 1900 f 9h 20m> S99 a Mi, 

Isk tbe earlier pari of the principal portion, 11 max. groups 
o<N;nrred at an aTei'age intenal r>f Ira lis, tbe T being 8.3 see. Eacb 
«'i these gnmps consisted of alx ut vibrjiti(tas. 

In the end iKd-tion, 11 mux. git.uph cccuned at an average iuterval 
of Im 7s, tlie 2' l>eiug U.'Jl sec. 

[^EmihqmiLe vhiclt imginalerf r>tT the ICarUi- 
eaAtem Coast qf tits dfam Idand.] 

(iii) y vy/.v of March 12. 1000: lOh 35m Is a.m. 

The preliniinai V tiemor lusted 4t) sec. 

The earlier qnick vibraitioiis ol macro-HeiRroic uaiiire iudicated 
mas. groui», ah follows. — 

ist gronp: mas. 2a =1.56 mm] 
2nd „ : „ =1.03 „ [ 7 =0.91 see. 
3ifl „ : „ =1.75 „ ) 
Thcstj 3 niaxinja occuned i^espectively 5lis, Ini Gs. and lui ISs 
after th(! comnioncomeut of the earthquake; there beiug also st>me 
Tibmtions of 2'~8.6 sec. 

In tbe principal poriion, there were 10 distinct max. gronps, as 
follows. — 
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Mas. group. 




Aveni^ T. 


Time < »l « Kjcimtiuco 
(ufter tlie com- 
memsameot of 
ynnc portion.) 


Interval 
botwccu sucoas- 
sive maadmii 


1 

2 
3 

A 
** 

JUean, 

5 
() 

7 
s 

9 
10 
Mean. 


inni 
2.75 
2.94 
2.00 

s>AfO 

* ♦ • « 

1.7 

1.7 

1.48 

1.5 

1.4 

1.4 

• • • • 


(48C. 

7.0 

•',.\ls(> vil). uf 
2'=2,U secj 

• • • • 

) 

• • * ♦ 


m M 
0 0 

0 33 

1 13 

3 3 

3 44 

4 2!) 
r» 11 

5 58 

6 48 


m H 

0 33 
0 40 
U 33 

0 35 

0 41 
0 45 
0 42 

0 47 

0 ."0 

0 45 



Xlie aiseruj^e J t»i tlie 1st 4 lUikX. groups was 35 sec, and that of 
the last 6 wjvs 45 sec. 

In the sabBeqaeat portion of tJie priucipttl iMtrtiou, tiie aven^ge 
T -WAS 5.9 8ec. 

In the end portiou, the average T wah 9.7 hbc. 

EQKES NOS. 7, 8, 10, 24, 2d, i\ 11, 12 aiul 20. 

8L The following table gives the data i-elatin<^ to tlie ropetitiuu 
of the max. moTementa, in aome of tlie difforeut earthquakes, wlxxie 
aeisDHOgiDnis have been described in ^fS"- 55; in general the duration 
J may be taken as being equal to the mterval betvireen snooesBiTe 
max. 2a's. 



Digrtized by Google 



96 



F. OKOXti: HOBIZOMTAL rUNDULCM OfiSEBVAllOSS 



TABLE XIV. BEPETITION OF MAX. MOYEMENXa* 



Eqke Ko. 



7 

m 



8 
INS) 



8 



1(1 



24 



25 



Max. 
Group. 



Max. 2<L 



1 

2 
3 

1 

2 

3 
4 

1 

2 

3 

1 

9 



& 
fi 
7 
8 
9 
10 

1 

2 
3 
4 
5 



3 
4 

r> 



mm. 

ii.y 

12.5 
5.15 

8.S 
7.15 

7.5 

8.25 

3.U 

17.6 

17.0 
17 5 
14.7 



5. 05 



3.3 
4.5 
4.4 
3.6 
4.4 

3.24 

4.7 

4.65 

7.4 

6.9 

7.6 



ATeiag^ 2 



sec. 
5.5 
4.5 
4.1 



6.8 



6.2 



17,6 

7.9 
7.6 
7.8 



8.4 



25.7 
15.2 

- 8.0 



24.5 

104 
18.5 

9.1 



Time of occurrence 
ti of mftx. 2a (after 
commeucemeut ol 
priuc. ixjiiion.) 



m 

0 
1 
2 

0 
1 
1 

2 

0 

1 
1 

0 

' > 

o 

3 
4 
(» 
6 
8 
8 
10 



3 
5 
6 



4 
5 
6 



s 

44 
15 
28 

46 

25 
50 
23 

39 
16 
48 

45 



4 
56 
45 
46 
55 
10 
50 
10 



59 
16 
26 



12 
19 
49 



luteival 

successive 
max. 2a.*s 



m s 

;() 46 
IJO 56 



0 32 



0 35 



r 



* Unlen otbarwira meutiuiied, tlie figures xefer to tbeEW couipouent ■dflmcigniiiis- 
X Tb« two inliemls nro ihoM betvoen tbo raoeeniTd max. gtoap*. 
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TABLE XIV. {Omtmued.) 











Time of occurif^nce 


Intervnl 


£q1ce Ko. 


Mnx. 
Group. 


Max. 2a. 


Avenge T. 


of mnx. 1''/. ( ;ifter \ 
comnx'iiceincut of 


between 
successive 






1 




priiic. |K)itiou.) 


luax. 








mm 




m 




m 




1' 


t 

f> 

'6 
4 


3.7 
42 
3.7 
2.7 


G. / 

n.8 

|6.4 


0 
0 
1 
1 


2 
40 

7 
48 


0 


35 


11 


2 
3 
4 
5 
6 
7 


4.3 
^ ft 

O.D 

3.8 

3.ir> 

4.35 

3.(5 

2.7 


1 n Q 

3.8 
8.6 

j6.1 


0 

1 

1 

1 

2 
3 
5 


22 
7 
38 
50 
33 
50 
46 


0 
0 

1 
1 


37 

43 
17 
66 


12 


1 
2 
3 
4 
6 


1.75 

3.2 

3.25 

2.45 

2.7 


0.4 

5.0 C*" , , 

Til., ill 

IU.OA, am' 


{) 
3 
3 

6 


nfi 

16 ' 
58 
0 
11 


|o 

J 


68 


20 


1 

2 

4 


2.7 
2.0 

2.7 


0.5 




1 

i 


0 


45 



lu tlie Echigo Eqk(% No. 8, (EW oomp.), tbe 3 niiix. 2a's were 
r( >il>f ctivel3- the 1st, 2n(l, niul 1st vibralious of the tliico max. groups. 

Ai^niu in the Izu Ecjke, No. 10, the Ist 5 max. i''/ s were respect- 
ively the 2nd, — , 4th, 4th. and 4th vibrations of the 6 max. givmpe, 
irhich comfniaed reepectivelj 4, — , 6* 6, and 6 vibxatioDS. 

82* The mean intet*val J in the different earthquakes* 

In the following table are collected the mean values of the 
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mterral (sc/) between sacoessive mftTfnwim gioaps* in flie difierent 
eartbqoBikes, arranged aooozding to an ascending ocder. 



TABLE XV. Mean Interval between SoooentTe 



£qke Sso. 


J 


ATexHge i * 


Di]»itio& of 
Prd. Tremor. 




m 


s 


sec. 


m 






u 




6.8 


u 


On 


U 


o\ 
oo 


6.2 


II 




1' 


U 


oo 


6 6 


11 


.JO 


iii ^ 80 


It 


oo 


7.0 






11 


n 
U 


0 1 


6.3 


n 




12 


U 




3.8 


>i 




il 




9.5 ; 6.0 


1 

X 


31 


iii 9 80. 


U 




4.7 




46 


7 


0 


61 


4.7 


0 


17 


12 


0 


58 




1 


31 


10 




00 


7.7 


1 


89 


xiii, § 79. 




Ol) 




1 


51 


1(1 




0 




1 


39 


ii, § 80. 




7 


9.2 










11 


8.3 






xii" § 79. 




11 


5.1 


0 


30 


iii, § 79. (NS) 




12 


8.7 


17 


35 


L>4 




14 


8.0 


2 


15 


X, § 70. 




15 


9.0 


2 


16 


26 




19 


9.1 


2 


17 


11 




17 


8.(; 


0 


39 


xi, § 79. 




22 


10.1; 9.2 


2 


13 


V, § 79. 




30 


8.8 


5 


ai 


viii, 5} 79. 




80 


15.7 


17 


34 


i, § 80. 




30 


31.4; 14.1 


2 


•M) 


iu, 5 79. ^EW) 
vii, $ 79. 




36 


9.2 


17 


35 




0-4 


VIA 


6 


28 






54 


9.8 


2 


30 • 


11 




66 


6.1 


0 


39 , 

0 • 

1 f 


ix, ^ 79, 


o 


24 


13.5 


25 


vi. i:" 79. 




■liii. 


18.6; in.7 


1 r, 


Tliite it -will be seen 


that the 


v.ilues of I most frequently 


oceiin- 



ing wor/> included hetwoou I and \\ min ; llio distribution of the 



* JaanmaA to U. • qnal to llunt b«twe9a ttie WMXim^Te max. Ai's. 
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cases oontained iu the above table into half minate intenrals being as 

Between Om Os and ^m, 0 cases. 

1, 0 31 „ 1 , .... 12 

•» 1 ^ t* » 13 „ 

1 31 „ 2 4 

t» 2 1 „ 3^ , 1 », 

*t 3 31 «t 4 , .1 », 

From tlio alK)ve table it iiiiiy be conclufled that the loii^lh of the 
iuterTftl J does not depend on the dumtion of the preliminary 
tremor, nor on the period of ribration in each maumom group 
alone. In different earthqnakefi with approximately equal period? of 
TibratioD, howeTer* the Tallies of J seem to bo in many cases alw> 
approximafelT pqnal to ono nnt^tlier. f Compare with the next §.) 

Tlie r* hulls cimUuiictl in tabhi XV relate tn the vibiHti»»ns in the 
principal portion of tlie ejirtlicjuuke nif tioii In tlie end portion there 
are also often irell defined series of tlie alternation of maximum and 
minimum gnmps. Thus, for instance, in the end portion the Caracas 
eartliqnaike» Na 6', the maximum groups occnnrpd at an average in- 
terval of Im 5%, the T being 17.9 sec. It is hereby to be noted 
tljat the f ulmioyy oscillotiims ;ils«> show always alteniations of max. 
and min. groups. 

CAUSE OF THF OCCVniiEKCE OF THE 
MAXIMUM GliOUFS. 

88. The occurrence of max. and min. groups in the earthquake 

motion is evidently the result of the coexistence of n series of ribra- 
tioiis with different pericxls. Tims let r, nnd r. denote two jM^riods of 
vibi'alion. If, firsthj, t, be slightly greater than t. , then tlie two 
series of vibrations will, by their superposition, produce maximum 
groups at an interval of 

\ fiO sec. "i 

Frequency of vib.— Ere^jueucy of r, vib. ~ Ti—Ti ' 
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If, seconeUy^ Ti diiei'S fiota 'J-, by a small quantity, wo get the 

followiug lelatiou : — 

^= .""li- (2) 

The followiug iWQ some of tlio iustaucen, in wliich the occun'euce 
of iDaximttm movements may approxinuUdy be explained by one or 
otLer of the two above equations, noder the sapposition that the 
vibrations (of period in a given max. group are the xesnlt of 
snperposition of a series o! movements of T^^t^ witli another series of 
movemeuta of T = t,, wliich cliaractsM i/i s thi^ vihiutious in the part 
either preceding or following the group timler cousideration. 

(a) Mqke asi, ^ 70, The periods in the Ist and 2nd ma:^ 
grontis were respectively ri=i0.1 s3c., und r>:s9.2 sec. We have: 

. r, r, 10.1x9 .2 , ... 

The actual mean interval betwcou '6 successive max. groups wati 
Im 22a. 

(d) No* iU, % SO* The firnt 4 max, graape in tiie priu- 

oipal portion had an average period of vibration, rt=7.0 sec.; while 
the sujx i[X)aed vibrations in the "preliminary tremor** had an aternge 

peri<Hl of T4 = 8.6 sec, We.])ave, therefore, 

The uotoal mean interval between the 4 max. gnmps was 35 sec. 

Again, tlm vibrations in the next 6 mas, grouiis (in the priiici- 
l>jd puituju) liad an average T of 4.7 s:=;c., while tlitise in the buh- 
sequeut part of motion had an aiverage T of 5.9 sec. If we douMo 
both of these periods, and pat ri=5.9x2==ll.dseo , ri=4.7x2^U.t 
sec., we obtain 



ll.B-9.4 

The actnnl mean interval between the C gioups under consideration 

was -15 sec. 
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i c- i Kqhe So. 7 : SS CoiHpourut, (Tuble XIV.) 

There wer* 3 well dotimnl uiux. |<ioujts, the uvenvgo 7"s in {\ui 
1st and 2ud l)eiij}jj resi>octively 5.;' anil 4.5 8ec. If we double both 
-of thefie perials aud pat ri=:5.5x*2=ll83C., and r4=4.5x2=9sec., 
we obtain 

J 0x11 .... 

11— y 

Tlie actual interval Ijetweeu the 2 max. j^roupn tvan 40 sec. 

Again, let us foin|>iuo the 2iul with the 'did lanx. ijroup, tJie 
average 2' in the hitter l>eiug 4.1 sec. Puttiug ri=:4.ii sec, aud z,— 
4.1 Bee, we obtain 

4.5-4.1 

Tlie actual inteiTal between the 2 groups under consideration 
was 56 see. 

(d) Kqke Xo. It, iTublo XIV.) 

The nvemge jKniocl of vibmtiou in the first 3 niax. groups w.is 
r|=6.3 sec, while tlie average period of the vibrations in the suc- 
ceeding part was 3.8 sec^fj. 

In this cose we have 

, 2r,r. 2x0.3x3,8 

tlie currespandiug actual mean interval was 38 sec. 

rjfke Xo. V*, (Tal)le XIV.) 

The juciaj^o period in the 1st luax. group was r, =U.4 sec, while 

that in the 4 sueceediug groups was 7^=5.9. We Jiave 

, 2x9.4x^^.9 

11.8-9.4 i 

the mean iutciTal between the lost 4 groups was 58 sec. 



XIY, COyCLVSION. 

m 

84. Tho different results contuiued in the preceding jwiges aixj to 
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be legazded only as toagk approunialacniB, which may fliexire as pre* 
liminaries for fntore investigations. They show, however, that the 

eartLquake motion is subject to t-( n cral simple law s : one of the con- 
sequcucea being that the disturbances proceeding from neighbouring 
localitiea axe usually similar io eaeh other. 

It is extremely desirable to make a comparative study of the 
earthquake motion observed at different places all over the earth ; this 
being one of the principal seismoh^gicul problems, the wcnrking out of 
which ought to be uudertaiven by the International Seisniologicjil As- 
sociation. 

It must here bo remarked that for getting a trustworthy record 
• of tlie motion of tlie ground the period of the so-called steady mass 
of the seismc^^ph must 1x3 made ns long ns possible* If the period 
of free oscillation bo under 30 sec. the steady mast is very often 
thrown into its proi)er moTemeuts, thereby mnch confusing tin? record 
of the real niotiou of the ground. An iustrumeut -witli .a free oscil- 
lation period of about 1 minute gives usiuiU}' satisfactory resultSp in 
so far as the observation of distant earthquakes is coooerned. 

Tokyo. Jan.. 1905. 
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ON J HE 

Indian Earthquake of April 4» 1905. 

F. OMOBI, D. Sc., 

ProfesMir of SeiMnulnsr)* In the 
Tokyo Imperial Unlverftit^'* and Bleiuber of 
<1ie Imperial Earthqmike Investlyntton Committee. 

Hi*' ilirtercut iioi i/tait:il ami vertical micro-seismogniplis in the 
Seisiuologiciil Iiistitnto, Tokyo, iudicntocl oii the raonitup; of April 4, 
1905, n Tery great distm-baaoe due to n distant origiu, wliicU wa) uoaa 
identified with tlio gieat eartliqnake in t!ie north-western part of 
Inditi. One of the east^west compoueut seismognims is reprodnoed 
iu PI. Ill ; tlie ]>nrticiilara of the Oniori Uorizouttii Peudnlum bj 
which tliti i-ec'onl was oiitaiiiPil beiii^ as follows: — 

AVi'i^lit of tliO heavy iuass = 44 k<^. 

Verticiil height between tlie poiut of snsiiension and the point ol 

support =2*5 nietit«. 
Ijpugth of the strut, or the horizcmtnl distauue between the point 

of sniiiK)rt aud the centre of the heavy l)ob=l metre. 

Natmal jcr'cul of oscillation of tlic liori/.oiital peuduluni = G2 sec. 

^lultiplication ratio (»f the writing iii(lex=.15. 

ri. I illustrates a portable horizuutal peudoium instrnmeut ; 
II gives the meohanictd details of the reooixliup: appamtns and the 
zneobanism at the top of the cnst-iron stand from wliich the pendnlnm . 
is suspended. 

Tho tinio of n-nii:H i ceni« nt in Tokyo of t)»o enrthqnake -was 9h 
5£m 2a a.m.,^ uud the total diuutiou about G houi». The duration 

* Tbe Hnwa ne gtven in Ist Htnndanl •Tnimn Time, or that of Um$. 135* E. 
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*2 F. OMotti: 

(=2^,) of the "1st pneliininfiiy tremor'' in the horizoutal motion was 
about 7m IQs, ivom which tiie areuol distance (=x) between the 
origin of the emthqimke snd the observiug phiee may be calculated,"^ 
as ft>ilo\vs : — 

x^'" = 17.1 - 1 = (loijo-"". 

If we aasnme tlte central point of the epifocal r^ion to be in the 
vicinity of Eangia, Kay» at ht, 32° N and long, 76^| E* then the 
arcoal distance between Tokyo and the origin of diatnrbanoe comes out 
to bo abont 5800 km, which approximately agrees with the value cal- 
ciilateU by the o<iuutiuu above given. 

'11m very lal horizoutal displjioeinont at tho coiunioucemeut of tlje 
2nd preliminary tremor** waa 1.0mm, directed towards .]S 57"^ W. 
The 2ud motion, which wa.s well pronoimced, was 3.4 mm, directed 
towatds SE. The 3rd motion was 6.1mm, directed toinu'ds N51^W. 
The directitms of these dtsplticements am appimsimately equal to the 
direction cf the gi-ent circle joining Tokyo with the origin of disturlmuce' 
nuuiely, N 73^ W — S 73" E. 

The iivd pluise of the principal poilion began at lOh 20ra 22s 

a.m. 

At OJi 15m Os p.m. bej^an slow vibrations which mark tlie oom« 
meucement of the earthquake motion propagated along the major arc 

of the earth, namely, tlint which was propagated from India west- 
wards, through Euvop*. tlu; Atlantic, America, and the Tacilic. At 
Oh 24m 298 p.m. began distinct regular vibraiious which probably 
correspond to the 3rd phase of the principal portion above mentioned. 
Calculating tlie velocity of propagation from these observations we g^t 
a value of 3.3 km per sec. 

As the duration o( the 1st prelimiujuy tremor is, for distant 
eartli(|Uakes. ai>j>r«»\iiuately frpial to the time interval taken l>v the 
vibrations ol" that phasti in travelling the distance between the place 
of observation and the centre of disturbauce, the time of OGGurreuoe 
of the first tremors at the epicentre must liavo been abont 9h Sim , 

• tyee the J*ttUirqtiotut »/ fht Enrthtfitht Ino, (owi. in h*nritf» fjUMjfMyen, No. 5, p. G3. 
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ii,m. iu Japiui Stiuidaitl Time, or abont lili 12iii Sis a.in. in 
Madras Time. 

TJjc eiutlKjuakc has l>een iiHuriltHl with liorizoiital jxiiiiluhiuis at 
si^veral other slaiious in Japau, and also ut Zi-Ka-Wt;i, near Sliaug- 
iuu. The time ( = t„) of occnnBUoe of the eartbqaake aud the dara> 
tion (=i/|) of tl)f» Ist pEelimiuary tremor at flome of tlie dil&rettt 
places were aa followB: — 

Miznsaixra (province of Bikucliii) : /„=0h 59ni 8a a.in. ; y,=7m lOa. 

Miyako ( „ ): ;y, = 7mlUs. 

Osaka : /^ = 9h oSm Sis a.m. ; ^, = 7in Tis. 

Tailotsu (proviuue of Bauuki) :(g=Oh oSiu 49s a.m. ;yi=7m 5a. 

Taihoku (Formosa) :/^=91i 57m 19s a.m. ;]yi= 

Zi*Ka-Wei (Sliangliai) :A}=9b 53m 17s a.m. ;2(i=: 

Tlie diagram at each of tlie different places genemltj ahovra more 
or less clearly besides the earthquake ]>ro{vir, or the motion pro- 
paj^ated aloij^ iJie minor arc, the vibratioiis al-^u pi^wigated aU)ng 
the luajor arc, as well as tho;-*' ^^llich were rtret pi-opagated along 
the minor aro and which came back to the place of obaerration after 
making one complete circait of the earth. Thus, for instance, the 
seismogram obtained at tlie Osaka Meteorological Observatory showed 
tbeae three aeries of the motion, which shall be termed respectively 
the JFi, JK, and IV^ vibrations, us J\tUows: — 

(a) Coinmoncemeut of the H\ motion, or the earthquake proper 
9h 59m 2s a.m. 

(6) Commencement of the 3rd pliase of the principal {xirtion of 
the ?F| motion. ..... lOh 19m 55s a.m. 

(c) Commencement of tlie Brd phase of the principal ]ioition of 
the jy. motion Oh '22m 30s p.m. 

{d) Conuatjhctinient of the' /F^ motion Ih '■'Am 596 p.m. 

The time dirterence betM-eon (//) a!i<l (c) is 2h 3m 35s, while that 
between (6) aud {d} is 3h lorn 4s. The latter difference ought to be 
ooDstant, being ilie time taken by tlie vibrations of the 3rd phase of 
tlie principal portion in making one complete circnit of the earth. 
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TLe catastrophe of April 4tli, nrhlcli is doubtless one of the great- 
est seismic disturbtiuces in modem times, seems to surpass, in the 

nmonnt of the casnalttes nnd the damnge to bnildings, the Assam and 
Beugiil t'Mitlujaako of June 12tli, 1897. TLi,'.-^ two t^aeat oaitliquako 
Lave probably beeu caused by the stress in the eartli cru&t winch 
is related to the otirvi-liuenr form of the Himalayas. There are other 
instanoes, iu whieb extensive and violeut earthquakes often occur on 
the oohtss sidu of an aro formed by a monntaio ruDg^ or a series of 
islands. Thus, in the case of the Japan nrc, extending from Hokkaido 
(Yeso Tslniul) to Sliikoku and Kyushu, <^reat seismic distuibances 
cccurml, except iu a few cases of those of inland tnigin, almost 
nhvays otV the exterior or Pacitio coast, only small local shocks 
originating off the interior or Japan Sea coast. 

The misfortune wliich has befallen the people of British India 
has deeply touched the Japanese. On receipt of the news of the 
catastrophe His Imperial Japauftso Majesty nt once scut a message of 
.sym]iatli3' to His Britauuic Majesty. I ht- mayor of 'J'okyo al80 
dispatched a telegram of ccndoleuce to King Ixlward, while the 
War Minister addressed to tlie Yicei-oy o£ India a telegraphic laeesagj^ 
expressing his deep sympathy and sorrow for the fatal cahimity that 
liad befallen Indian soldiera at Dhsrmsala. Tlie Jiji-ahimiM, au in- 
dependent leading daily uews]mpcr, editorialty commented on tlte 
eaitliquake calamity, and at once r>pened on Apiil Ulh n huljscription 
for the benefit ot the victims of tlio eartliqnakc. 

As India is visited l>y severe earthquakes from time to time, it 
is to be gi'eatly hoped that certain precautions should be taken in the 
coustractiou of houses so as to miti^te in some measnrs tlie seismic 
damage to life and property. 

Tokyo. April 17, 1005. 
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